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Preface 

J. RODES 



Portal hypertension is the most important complication of a great variety 
of both acute and chronic liver diseases. Nevertheless, hepatic cirrhosis is 
the most frequent cause of portal hypertension. Gastrointestinal bleeding 
due to rupture of oesophageal varices is, without doubt, the most severe 
complication of portal hypertension. At present, great advances are being 
made in the pathophysiology and in the development of new therapeutic 
tools for controlling and preventing this severe clinical event. 

This book includes the papers presented and discussed during the 
Symposium held in Montreal, Canada, in April 2004. There are eight 
Sections covering basic mechanisms, new drugs, prevention and current 
treatment of variceal bleeding, prevention of recurrent bleeding and hepatic 
hemodynamic monitoring. 

Portal hypertension is initially caused by distortion of the hepatic circula- 
tion. This obstruction is a consequence of the obliteration of small hepatic 
and portal venules. Furthermore, there is an increase in arterial flow that 
contributes to enhance portal pressure. At present, it has been well estab- 
lished that, in addition to this mechanical mechanism, there are other func- 
tional factors that may be implicated in the development of portal 
hypertension. All these mechanisms are discussed in depth in Sections 1 to 
3. Knowledge of the biology of the endothelium and the endothelial dysfunc- 
tion in the sinusoids has been essential to define the humoral factors such 
as the impaired activity of vasodilators (nitric oxide (NO), prostaglandins, 
anandamide) and the increased production of vasoconstrictors (endothelin, 
norepinephrine, angiotensin, vasopressin, leukotrienes and thromboxane A2) 
which play a key role in favoring the increased intrahepatic vascular resis- 
tance in cirrhosis. In addition to these vascular factors, hepatic fibrosis is 
also one of the most important phenomena in producing an increase in 
portal pressure. Therefore, control of hepatic fibrogenesis may, in the future, 
be a very useful therapeutic tool in the treatment and prevention of portal 
hypertension. Up to now, several drugs have proven to be useful in con- 
trolling fibrogenesis in experimental animals with hepatic cirrhosis. However, 
these results have not yet been reproduced in human beings. 

In Section 4 there is a very interesting discussion regarding the therapeutic 
effect of new drugs in the treatment of patients with portal hypertension. 
Clinical studies have shown that the use of nitrates produces a reduction in 
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portal pressure; unfortunately this therapy causes vasodilation in both the 
systemic arterial and venous vascular beds which, in turn, aggravates the 
vasodilatory syndrome in cirrhotic patients. Consequently, the ideal drug 
should act by decreasing intrahepatic vascular resistance without worsening 
the splanchnic and systemic vasodilation. The development of liver-selective 
NO-donors using bile acids (ursodeoxycholic acid) as a carrier is based on 
this idea. Preclinical studies have shown that the administration of this drug 
to rats with chronic liver injury impairs the development of portal hyperten- 
sion, suggesting that it may provide a new therapy for this syndrome. 

As indicated previously, in cirrhosis there is a decreased endothelial NO 
production at the sinusoids, which contributes to the increase in hepatic 
resistance and portal hypertension. Statins may correct endothelial dysfunc- 
tion in cirrhosis because it has been demonstrated that they are able to 
increase NO production in endothelial cells. In a recent study, performed in 
cirrhotic patients, the administration of a single dose of simvastatin was 
followed by an acute reduction in hepatic sinusoidal resistance and an 
increase in hepatic blood flow with no changes in portal pressure. These 
findings may have a potential role in the treatment of these patients. 
However, new studies are required to confirm these results and to determine 
whether the chronic administration of simvastatin may be useful in patients 
with portal hypertension. 

Other potential therapeutic agents are also discussed. Akt is the major 
activator of the endothelial NO-synthase enzyme and it has been shown to 
be reduced in cirrhotics rats. In an experimental study it was found that 
myr-Akt gene therapy restored Akt activation and NO production in the 
cirrhotic liver. On the other hand, the NO synthase gene transfer and 
inhibition of NO-mediated vasodilation with the use of several drugs 
(apamin, woutmannin, L-arginine analogs and terlipressin) were able to 
produce an increased production of NO and, consequently, all these agents 
could be considered in the future as a new therapeutic tool in the treatment 
of portal hypertension. 

Section 5 is devoted to natural history of esophageal varices, portal 
hypertension in childhood and the pathophysiology of variceal bleeding. It 
is well established that, once formed, varices tend to increase in size pro- 
gressively and they rupture when the variceal wall tension increases above 
the elastic limit of the vessels. This is directly related to the intravariceal 
pressure and the radius of the varix and inversely to the thickness of the 
variceal wall. The role of increased intravascular pressure is underscored by 
the finding that the hepatic venous pressure gradient (HYPG) increases 
above 12 mmHg for varices to bleed. Increased radius explains why large 
varices are at higher risk than small ones, and decreased variceal wall 
thickness explains the prognostic value of endoscopic red color signs. 

In Sections 6 to 8, the current therapy and prevention of esophageal 
bleeding, and hepatic hemodynamic monitoring are discussed. It is fully 
accepted that the use of beta-blockers is an excellent treatment for preventing 
the first episode of variceal bleeding and recurrent bleeding in cirrhotic 
patients. More recently vasodilators (nitrates, prazosin, losartan, irbesastan 
and endothelin receptor blockers) have been proven in both experimental 
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animals and in patients with cirrhosis. To date, only organic nitrates have 
shown any clinical use when applied in combination with beta-blockers to 
increase their effectiveness at lowering portal pressure. In addition to drugs, 
endoscopic treatment with band ligation or intravariceal injection of glue 
has been widely used in these patients. At present, there is great discussion 
among hepatologists and endoscopists about which of these treatments 
should be applied in cirrhotics with portal hypertension. As a hepatologist 
I prefer to use drugs! In my opinion, endoscopic procedures should be used 
when drug therapy fails. The transjugular intrahepatic portosystemic shunt 
(TIPS) is one of the most recent therapeutic tools to have been introduced 
in the management of these patients. At present, TIPS is used as a second- 
line therapy for variceal bleeding when pharmacologic and endoscopic treat- 
ment fails. The usefulness of TIPS is limited by two major problems: shunt 
dysfunction and hepatic encephalopathy. The use of polytetrafluoroethylene- 
covered stents may be useful to prevent the former complication. 

The general management of patients with acute variceal bleeding consists 
in the correction of hypovolemia and the prevention of infections with 
antibiotic prophylaxis. Hemostatic treatment should aim at controlling 
bleeding and preventing early rebleeding. Pharmacologic therapy with vaso- 
active drugs (terlipressin, vasopressin associated with nitrates, somatostatin 
and octreotide) and endoscopic treatment (sclerotherapy and band ligation) 
are effective in controlling acute bleeding. The combination of drugs and 
endoscopic treatment is probably the best approach for the management of 
these patients. It seems that the adjuvant administration of recombinant 
activated factor VII may be useful in Child B and C variceal bleeding 
patients. However, although this information is very encouraging, it is evi- 
dent that further confirmation is required. 

The prevention of recurrent bleeding in cirrhotics is mandatory, since 
65-70% of patients rebleed within 6 months of the index bleed. First-line 
treatment consists in the administration of beta-blockers. When this pharma- 
cologic treatment fails, band ligation is the next therapy to be used. Band 
ligation seems more effective when associated with beta-blockers. It is impor- 
tant to point out that a reduction in HVPG greater than 20% or a reduction 
below 12 mmHg are the best predictors of clinical efficacy for the prevention 
of rebleeding. When this combination therapy fails there are other therapeu- 
tic options such as surgical shunts, TIPS or liver transplantation. 

In these Sections there are several important clinical chapters - cirrhotic 
patients with no varices and with small varices, the management of gastric 
variceal bleeding and patients who cannot receive beta-blockers - which 
are, without doubt, very useful for hepatologists treating patients. 

At the end of the Section there is a very interesting discussion regarding 
the need for hepatic hemodynamic monitoring in cirrhotic patients. In this 
sense the most important question is: should measurement of WHVP be 
incorporated in clinical practice? My answer is yes, because this measurement 
will allow us to predict the risk for bleeding in cirrhotic patients and to 
know whether a vasoactive drug may be useful to prevent the first episode 
and the recurrence of variceal bleeding in these patients. 
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In finishing, I would like to congratulate all the speakers - now authors 
- for their outstanding scientific level in the presentation and discussion of 
their papers in the meeting. And last but not the least, I would like to 
express my sincere admiration to Profs. Roberto Groszmann, Jaime Bosch 
and Guido Tytgat for organizing this excellent meeting on portal hyperten- 
sion in Montreal. 



Section I 

Introductory lectures 



1 

Portal hypertensive syndrome: its 
importance and complications 

ANDRES T. BLEI 



INTRODUCTION 

The management of portal hypertension continues to be a critical clinical 
problem for hepatologists and gastroenterologists. At one end of the 
spectrum of this clinical activity there is increasing interest in approaches 
to prevent the development of portal hypertension in chronic liver disease 1 . 
At the other end patients who are candidates for liver transplantation may 
develop all the complications of portal hypertension while waiting for an 
organ, as the current MELD (Model for End-stage Liver Disease) system 
has resulted in a higher priority for sicker patients. A rational approach, 
centered on evidence-based medicine, is needed to guide the practitioner 
through complex decisions. 

Underlying this clinical complexity is an increase in our understanding of 
the pathophysiology of the syndrome 2 . Studies in experimental animals and 
humans have provided deeper insight into the mechanisms that result in the 
rise in portal pressure, the opening of portal-systemic collaterals and the 
repercussions of a systemic hemodynamic abnormality on the structure and 
function of numerous organs that are affected in the portal hypertensive 
syndrome. All chronic liver diseases go through two stages: the first reflects 
the alterations caused by the original injury; the second is a new disease, 
which we can term the portal hypertensive syndrome. 

PATHOPHYSIOLOGY 

The development of the portal hypertensive syndrome in cirrhosis can be 
sequentially described in three steps. (Other etiologies of portal hypertension 
are not discussed in these introductory remarks, including the most common 
cause of portal hypertension worldwide, hepatosplenic schistosomiasis.) 

An increase in intrahepatic resistance 

The increase in intrahepatic resistance is related to the development of 
hepatic fibrosis. Original descriptions focused on distortions of the intrahepa- 
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tic vasculature as a result of scar tissue. Popper et al. noted specific changes 
in the anatomy of the sinusoids 3 , where their “capillarization” was the result 
of the loss of fenestrae and the development of a basement membrane. The 
demonstration that the increased intrahepatic resistance can be altered by 
pharmacological means, as shown in studies in the isolated perfused rat 
liver 4 , indicated the presence of a contractile element in this increased 
resistance. Interest grew in the role of hepatic stellate cells after liver injury. 
These cells, residing in the Disse space, become activated after liver injury 
and acquire the phenotype of smooth muscle cells. Isoforms of actin and 
myosin can be identified, with the resulting acquisition of contractile 
properties 5 . 

As a result of these anatomical changes the balance between pro- and 
anticontractile elements is altered. Hepatic sinusoids can respond to physio- 
logical stimuli by constriction 6 . In models of cirrhosis it has been shown 
that endothelin-1 production in stellate cells is increased; other procontractile 
forces exist in this condition, such as the increase in angiotensin and 
a-adrenergic stimulation. More specifically, alterations in the production of 
cysteinyl-leukotrienes 7 and thromboxane 8 (the latter by Kupffer cells) may 
contribute to sinusoidal constriction. On the other hand, the release of nitric 
oxide from sinusoidal endothelial cells is reduced 9 . The decreased hepatic 
production of nitric oxide has also been shown in human disease 10 . 

The net balance of this profound change is one that favors contraction, 
with its implications on hepatic sinusoidal diameter and its repercussions 
on intrahepatic resistance. Considerable interest has arisen regarding the 
mechanisms for the decreased production of nitric oxide by sinusoidal endo- 
thelial cells. Endothelial nitric oxide synthase (eNOS) activity is decreased 
and may reflect post-translational alterations in the intracellular regulation 
of eNOS 11-13 . In addition to its inability to counteract vasoconstrictive 
stimuli, the decreased production of nitric oxide by sinusoidal endothelial 
cells may favor the development of thrombosis in the portal and hepatic 
veins, an event that has been proposed to result in hepatic extinction 14 . 

This paradigm has led to novel views on potential pharmacological means 
to reduce intrahepatic vascular resistance. These include antagonism of the 
effects of vasoconstrictive stimuli as well as increasing the provision of nitric 
oxide to the sinusoidal endothelial cells. The latter has included the use of 
adenoviral vectors of eNOS 15 or of activated Akt, a key step in eNOS 
phosphorylation 16 , in order to transduct whole livers; studies in experimental 
animals have been promising, though clinical applicability is still uncertain. 
Of greater immediacy is the demonstration that coupling of nitric oxide to 
molecules that can specifically target the liver can result in a clinically 
favorable effect 17 . A recent study in humans indicated the ability of simvas- 
tatin, a compound that enhances Akt-dependent eNOS phosphorylation, to 
increase hepatic blood flow and decrease intrahepatic resistance 18 . 
Manipulation of the abnormal intrahepatic resistance in chronic liver disease 
should be an area of fertile development over the coming years. 

The opening of portal-systemic collaterals 

Once a critical portal pressure is reached, portal-systemic collaterals open. 
The existence of a threshold value of portal pressure has been extensively 
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studied in humans. A portal pressure gradient between 10 and 12 mmHg is 
seen in patients who develop esophageal varices 19 as well as those who 
develop bleeding from gastroesophageal varices 20 . Further proof of the 
importance of this threshold value comes from clinical studies in which a 
reduction of pressure to values below 12 mmHg is associated with the 
disappearance of the risk of bleeding (reviewed in ref. 21). 

Measurements of portal pressure in humans are obtained in static condi- 
tions, in a supine position and in the fasting state. Ambulation, and most 
importantly feeding, will result in transient changes in splanchnic hemody- 
namics. Several times a day, postprandial hyperemia will increase splanchnic 
inflow and result in a transient rise in portal pressure in patients with well- 
established portal hypertension 22 . The role of such events at the early stage 
of the progression of the syndrome has not been examined, but may be one 
additional factor contributing to the opening of portal-systemic collaterals. 

The prevailing view on the nature of such collaterals includes the passive 
opening of closed vessels or a redirection of flow in the splanchnic area. 
More recently this view has been challenged with the hypothesis that active 
angiogenesis may be involved in this process. Mediators of this active vessel 
neo-formation may be similar to factors involved in the systemic hemody- 
namic alteration of the portal hypertensive syndrome, including the pro- 
duction of nitric oxide via an increased activity of eNOS 23 . An anti-vascular 
endothelial growth factor receptor-2 monoclonal antibody decreased the 
formation of collaterals in mice and rats with partial portal vein ligation 24 . 
The role of such angiogenesis in human disease is less clear, as the nature 
of collateralization in rodent models is different from that seen in humans. 

The portal hypertensive syndrome 

In its full expression the syndrome includes alterations of several organs. 
The gastrointestinal tract 

Anatomical alterations predominate, with esophagogastric varices, portal 
hypertensive gastropathy and colopathy keeping busy clinicians even busier. 
Pathophysiological studies have been performed on the mechanisms that 
underlie variceal rupture 25 , of the alterations that exist in the gastric 
mucosa 26 and of changes in intestinal function 27 . An area of particular 
interest is the phenomenon of bacterial translocation, shown to occur in 
rats with cirrhosis and ascites 28 and in patients with advanced liver disease 29 . 
Release of cytokines, such as TNF, may be an important factor in the 
progression of the portal hypertensive syndrome. The pathways by which 
bacterial translocation occurs, as well as the timing of this event within the 
evolution of the portal hypertensive syndrome, remain to be determined. 

Systemic and splanchnic circulation 

The characteristic feature of the portal hypertensive syndrome is the develop- 
ment of a hyperdynamic circulation, with a decrease in systemic vascular 
resistance and a rise in cardiac output with a lower mean arterial pressure. 
In the splanchnic territory the increase of portal vein inflow maintains the 
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portal hypertensive state. The combination of an increased resistance and 
increased flow generates the unique hemodynamic feature of the portal 
hypertensive state, in which both variables affect the development of portal 
hypertension. 

The search for the mediator of this vasodilated state occupies several 
decades of research. From the original interest in bile acids and glucagon 30 , 
to the current interest in cannabinoids 31 , and carbon monoxide 32 a putative 
mediator of arteriolar vasodilation is still actively sought. An increased 
splanchnic production of nitric oxide, the result of an increased activity of 
eNOS, is well supported by experiments in which specific inhibitors of this 
enzyme are administered 33 . The complexity of the pathogenesis of vasodila- 
tion is illustrated by experiments in portal hypertensive mice. In eNOS 
knockout animals with partial portal vein ligation the hyperdynamic circula- 
tion also develops 34 . It is clear that multiple variables, including humoral, 
endothelial and neural factors, contribute to this profound hemodynamic 
alteration. Liver dysfunction underlies this phenomenon, as the hyperdy- 
namic state is more prominent in patients with Child class C cirrhosis. 

What remains to be elucidated is the initial event that leads to the 
vasodilatory state. Because the hyperdynamic circulation can be improved 
in humans with the administration of antibiotics 35 , it is tempting to speculate 
that bacterial translocation, with the subsequent release of cytokines, plays 
an important role in the development of vasodilation. Antagonism of TNF 
with thalidomide 36 or anti-TNF antibody 37 ameliorates the hyperdynamic 
circulation in animal models. However, the development of the hyperdy- 
namic state in animal models without bacterial translocation suggests the 
presence of other explanations. Recently, Groszmann proposed that the 
initial response to a rise in portal pressure, mesenteric arterial vasoconstric- 
tion, is the trigger that up-regulates eNOS activity in the superior 
mesenteric artery of rats with prehepatic portal hypertension 38 . This attrac- 
tive hypothesis awaits confirmation in other experimental models. 

The kidney 

Systemic vasodilation will result in relative arterial underfilling, stimulating 
baroreceptors and volume receptors as well as compensatory neural and 
humoral responses, including activation of the sympathetic nervous system, 
renin-angiotensin system and vasopressin release (reviewed in ref. 39). 
Sodium and water is retained by the kidney and plasma volume expands. 
Such expansion of plasma volume is required for the full expression of the 
hyperdynamic circulatory state, which cannot be simply equated with 
vasodilation. 

The clinical expression of the effects on the kidney will vary according to 
the ability of intrarenal mechanisms to compensate for the changes imposed 
by systemic vasodilation. Progressive arterial vasodilation results in renal 
arterial vasoconstriction, which in its most severe manifestation results in 
renal failure, the hepatorenal syndrome. The favorable clinical response of 
patients with the hepatorenal syndrome to vasoconstrictor therapy 40 sup- 
ports the role of systemic arterial vasodilation as a key pathophysiological 
event in the renal abnormality of cirrhosis, as postulated 15 years ago 41 . 
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The lung 

Unique clinical syndromes develop in the lungs of patients with cirrhosis. 
The hepatopulmonary syndrome, reflecting the effects of pulmonary arterial 
vasodilation and subsequent hypoxemia, can develop in other etiologies 
(prehepatic, posthepatic) of portal hypertension. The search for the mecha- 
nisms responsible for this pulmonary vasodilation parallels those discussed 
in the systemic circulation, although the isoform of nitric oxide synthase 
involved in the generation of NO is still controversial. Recent studies also 
involve the heme-oxygenase- 1/carbon monoxide system in the genesis of 
pulmonary vasodilation 42 . Endothelin-1 production by the liver, with subse- 
quent activation of endothelin receptors mediating vasodilation, may also 
exert synergistic effects with TNF in causing pulmonary arterial vasodila- 
tion 43 . From a clinical perspective it is striking that the manifestations of 
pulmonary and systemic vasodilation do not progress in parallel. The 
reasons for this discrepancy are unclear. 

Of even greater interest is the development of pulmonary arterial hyperten- 
sion, a feared complication of the portal hypertensive state. The mechanisms 
responsible for this change are less well understood, in part as a result of 
the lack of an experimental model that combines features of portal and 
pulmonary arterial hypertension. Extrapolating from the experience of 
patients with primary pulmonary hypertension, clinical improvement with 
bosentan, an endothelin antagonist 44 , suggests a pathogenic role for this 
vasoconstrictor system. The favorable effects of sildenafil, an oral phospho- 
diesterase type-5 inhibitor, whose effects are mediated by an increase in the 
local availability of nitric oxide 45 , also points to a deficiency of the generation 
of this vasodilator in the pulmonary vasculature. Intravenous prostacyclin 
has been used in patients, though its use is cumbersome and costly. 

The brain 

The importance of portal-systemic shunting in the pathogenesis of hepatic 
encephalopathy is well established. Toxins that escape liver uptake reach 
the systemic circulation and, once in the brain, result in a cascade of 
neurochemical alterations whose scope is beyond the limits of this review. 
The reader is referred to other sources 46,47 . What is less clear is the role of 
circulatory abnormalities in the pathogenesis of an abnormal mental state. 
Most studies have shown a decrease of cerebral blood flow in patients with 
cirrhosis 48 . The close relation between the increase of cerebrovascular and 
cerebral resistance in human disease 49 suggests the brain also responds to 
the systemic vasodilatory state by vasoconstriction. It is tempting to specu- 
late on a potential role for this change in flow on the manifestations of 
encephalopathy. However, a reduction in brain metabolic activity as a result 
of specific toxins, such as ammonia, can also lead to a reduction in blood 
flow. 

Other organs 

The existence of a cirrhotic cardiomyopathy is still subject of controversy. 
A state of high-output cardiac failure can be seen in other chronically 
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vasodilated conditions, such as Paget’s disease or thiamine deficiency. An 
intrinsic abnormality of the myocardium, as postulated 50 , has been recently 
questioned with the results obtained in experimental models 51 . A role for 
an intrinsic cardiac defect has been recently postulated to explain in part 
the renal failure associated with spontaneous bacterial peritonitis 52 . 

Platelet dysfunction in liver disease can aggravate an already complex 
picture. A prolonged bleeding time in experimental cirrhosis can be corrected 
with inhibitors of nitric oxide synthesis 53 , suggesting that nitric oxide gener- 
ated in the arterial circulation will affect platelet adhesion and aggregation. 
More recently the development of hepatic osteodystrophy has been linked 
to the development of portal-systemic shunting 54 . 

CLINICAL IMPORTANCE 

The review of the pathophysiological changes in the portal hypertensive 
syndrome indicates the wide range of alterations, the disparity in the 
responses between different organs as well as the complexity of their 
interplay. However, it is in the sheer volume of clinical work, use of resources, 
morbidity and mortality that portal hypertension leaves its mark. 

It has been estimated that approximately 5.5 million Americans have 
cirrhosis 55 . It is difficult to obtain data on prevalence of portal hypertension, 
but some approximations can be made on the overall prevalence of varices, 
as well as the yearly development of varices and encephalopathy (reviewed 
in ref. 56). A special report from the American Gastroenterological 
Association estimates the yearly cost of treatment of cirrhosis at $1.4 billion, 
90% of which is related to inpatient care 57 . 

Multiple well-designed, randomized controlled studies have examined the 
optimal treatment of portal hypertension. Of all areas of hepatology, portal 
hypertension is the one in which decisions can be best made following the 
principles of evidence-based medicine. It is not the goal of these introductory 
remarks to review this experience. Much of it will be covered in other 
chapters. Rather, I would like to highlight two important developments in 
recent years. 

1. TIPS (transjugular intrahepatic portal-systemic shunt) can correct portal 
hypertension by bypassing all portal blood through the radiologically 
placed metal stent 58 . It does not solve, and in some occasions worsens, 
the degree of liver failure. While it can improve the management of 
gastrointestinal hemorrhage and ascites, it can worsen hepatic encepha- 
lopathy. Portal hypertension and portal-systemic shunting are very 
different sides of the same coin. 

2. Liver transplantation is the ultimate therapy for patients with cirrhosis 
and portal hypertension. In 1999 more than 14000 patients were listed 
by UNOS, slightly over 4000 transplants were performed and more than 
1000 patients died in the waiting list (reviewed in ref. 56). The current 
adjudication system for transplantation, the MELD score, prioritizes 
patients with poor hepatic and renal function. Treating the portal hyper- 
tensive syndrome in the age of MELD carries a greater complexity as 
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liver failure dominates the clinical picture. 

Prevention of infections, TIPS for intractable ascites and measures to 
deal with recurrent encephalopathy are among the major problems faced 
by the hepatologist when dealing with patients on the waiting list. Interest 
in hyponatremia, recognized for many years as a poor prognostic manifes- 
tation in cirrhosis with ascites 59 , has been rekindled with the observation 
that it may also affect brain function in these patients 60 . The type of 
encephalopathy seen in patients with acute-on-chronic liver failure, deep 
and resistant to therapy, is very different from that seen in patients with 
acute, precipitant-induced encephalopathy. 



CONCLUSION 

Much insight has been provided into the mechanisms responsible for the 
development and progression of portal hypertension. For a clinical problem 
that is so prevalent, the clinical armamentarium is not so abundant. It is 
anticipated that more studies will focus on the ability of pharmacological 
agents to reduce intrahepatic resistance. Antagonism of peripheral vasodila- 
tion with oral vasoconstrictors is another logical extension of this line of 
investigation. Newer drugs based on newer concepts are in stages of develop- 
ment. While prevention of the development of portal hypertension could 
not be demonstrated with timolol 61 , the large NIH-sponsored trial showed 
that this goal should be sought by clinical researchers. In the future one can 
envision therapy of chronic liver disease based on such prophylactic 
measures. 

References 

1. Boyer TD. Pharmacological treatment of portal hypertension: past, present, and future. 
Hepatology. 2001;34:834-9. 

2. Bosch J, Garcia-Pagan JC. Complications of cirrhosis. I. Portal hypertension. J Hepatol. 
2000;32:141-56. 

3. Popper H, Paronetto F, Schaffner F, Perez V. Studies on hepatic fibrosis. Lab Invest. 
1961;10:265-90. 

4. Bhatal PS, Grossman HJ. Reduction of the increased portal vascular resistance of the 
isolated cirrhotic perfused rat liver by vasodilators. J Hepatol. 1985;1:325-9. 

5. Iredale JP. Cirrhosis: new research provides a basis for rational and targeted treatments. Br 
Med J. 2003;327:143-7. 

6. Bauer M, Zhang JX, Bauer I et al. ET-1 induced alterations of hepatic microcirculation: 
sinusoidal and extrasinusoidal sites of action. Am J Physiol. 1994;267:G143-9. 

7. Graupera M, Garcia-Pagan JC et al. 5-Lipoxygenase inhibition reduces intrahepatic 
vascular resistance of cirrhotic rat livers: a possible role of cysteinyl-leukotrienes. 
Gastroenterology. 2002;122:387-93. 

8. Yokoyama Y, Xu H, Kresge N et al. Role of thromboxane A2 in early BDL-induced portal 
hypertension. Am J Physiol Gastrointest Liver Physiol. 2003;284:G453-60. 

9. Rockey DC. Vascular mediators in the injured liver. Hepatology. 2003;37:4-12. 

10. Sarela Al, Mihaimeed FM, Batten JJ et al. Hepatic and splanchnic nitric oxide activity in 
patients with cirrhosis. Gut. 1999;44:749-53. 

11. Shah V, Haddad FG, Garcia-Cardena G et al. Liver sinusoidal endothelial cells are responsi- 
ble for nitric oxide modulation of resistance in the hepatic sinusoids. J Clin Invest. 
1997;100:2923-30. 



9 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



12. Gupta TK, Toruner M, Chang MK et al. Endothelial dysfunction and decreased production 
of nitric oxide in the intrahepatic microcirculation of cirrhotic rats. Hepatology. 
1998;28:926-31. 

13. Hendrickson H, Chatterjee S, Cao S et al. Influence of caveolin on constitutively activated 
recombinant eNOS: insight into eNOS dysfunction in BDL rat liver. Am J Physiol 
Gastrointest Liver Physiol. 2003;285:G652-60. 

14. Wanless IR, Wong F, Blendis LM et al. Hepatic and portal vein thrombosis in cirrhosis: 
possible role in development of parenchymal extinction and portal hypertension. 
Hepatology. 1995;21:1238-47. 

15. Van de Casteele M, Omasta A, Janssens S et al. In vivo gene transfer of endothelial nitric 
oxide synthase decreases portal pressure in anaesthetized carbon tetrachloride cirrhotic rats. 
Gut. 2002;51:440-5. 

16. Morales-Ruiz M, Cejudo-Martin P, Fernandez-Varo G et al. Transduction of the liver 
with activated Akt normalizes portal pressure in cirrhotic rats. Gastroenterology. 
2003;125:522-31. 

17. Fiorucci S, Antonelli E, Morelli O et al. NCX-1000, a NO-releasing derivative of ursodeoxy- 
cholic acid, selectively delivers NO to the liver and protects against development of portal 
hypertension. Proc Natl Acad Sci USA. 2001;98:8897-902. 

18. Zafra C, Abraldes JG, Turnes J et al. Simvastin enhances hepatic nitric oxide production 
and decreases the hepatic vascular tone in patients with cirrhosis. Gastroenterology. 
2004;126:749-55. 

19. Garcia-Tsao G, Grozsmann RJ, Fisher RL et al. Portal pressure, presence of gastroesopha- 
geal varices and variceal bleeding. Hepatology. 1985;5:419-24. 

20. Viallet A, Marleau D, Huet M et al. Hemodynamic evaluation of patients with intrahepatic 
portal hypertension. Relationship between bleeding varices and the portohepatic gradient. 
Gastroenterology. 1 975;69: 1 297-300. 

21. Boyer TD. Changing clinical practice with measurements of portal pressure. Hepatology. 
2004;39:283-5. 

22. Sabba C, Ferraioli G, Buonamico P et al. A randomized study of propranolol on postpran- 
dial portal hypertension in cirrhotic patients. Gastroenterology. 1992;102:1009-16. 

23. Lee FY, Colombato LA, Albillos A et al. Administration of N omega-nitro-L-arginine 
ameliorates portal-systemic shunting in portal-hypertensive rats. Gastroenterology. 
1993;105:1464-70. 

24. Fernandez M, Vizzutti F, Garcia-Pagan JC et al. Anti-VEGF receptor-2 monoclonal anti- 
body prevents portal-systemic collateral vessel formation in portal hypertensive mice. 
Gastroenterology. 2004; 1 26: 886-94. 

25. Polio J, Groszmann RJ. Hemodynamic factors involved in the development and rupture 
of esophageal varices: a pathophysiologic approach to treatment. Semin Liver Dis. 
1986;6:318-31. 

26. Kawanaka H, Jones MK, Szabo IL et al. Activation of eNOS in rat portal hypertensive 
gastric mucosa is mediated by TNF-alpha via the PI 3-kinase-AKT signaling pathway. 
Hepatology. 2002;35:393-402. 

27. Chesta J, Defilippi C, Defilippi C. Abnormalities in proximal small bowel motility in patients 
with cirrhosis. Hepatology. 1993;17:828-32. 

28. Wiest R, Das S, Cadelina G et al. Bacterial translocation in cirrhotic rats stimulates eNOS- 
derived NO production and impairs mesenteric vascular contractibility. J Clin Invest. 
1999;104:1223-33. 

29. Cirera I, Bauer TM, Navasa M et al. Bacterial translocation of enteric organisms in patients 
with cirrhosis. J Hepatol. 2001;34:32-7. 

30. Benoit JN, Barrowman JA, Harper SL et al. Role of humoral factors in the intestinal 
hyperemia associated with chronic portal hypertension. Am J Physiol. 1984;247:G486-93. 

31. Batkai S, Jarai Z, Wagner JA et al. Endocannabonoids acting as vascular CB1 receptors 
mediate the vasodilated state in advanced liver cirrhosis. Nat Med. 2001;7:827-32. 

32. Chen YC, Gines P, Yang J et al. Increased vascular heme oxygenase- 1 expression contributes 
to arterial vasodilation in experimental cirrhosis in rats. Hepatology. 2004;39:1075-87. 

33. Wiest R, Groszmann RJ. The paradox of nitric oxide in cirrhosis and portal hypertension: 
too much, not enough. Hepatology. 2002;35:478-91. 

34. Iwakiri Y, Cadelina G, Sessa WC et al. Mice with targeted deletion of eNOS develop 
hyperdynamic circulation associated with portal hypertension. Am J Physiol Gastrointest 
Liver Physiol. 2002;283:G1074-81. 



10 



PORTAL HYPERTENSIVE SYNDROME 



35. Rasaratnam B, Kaye D, Jennings G et al. The effect of selective intestinal decontamination 
on the hyperdynamic circulatory state in cirrhosis. A randomized trial. Ann Intern Med. 
2003;139:186-93. 

36. Lopez-Talavera JC, Cadelina G, Olchowski J et al. Thalidomide inhibits tumor necrosis 
factor alpha, decreases nitric oxide synthesis, and ameliorates the hyperdynamic circulatory 
syndrome in portal hypertensive rats. Hepatology. 1996;23:1616-21. 

37. Lopez-Talavera JC, Merrill WW, Groszmann RJ. Tumor necrosis factor alpha: a major 
contributor to the hyperdynamic circulation in prehepatic portal-hypertensive rats. 
Gastroenterology. 1995;108:761-7. 

38. Tsai MH, Iwakiri Y, Cadelina G et al. Mesenteric vasoconstriction triggers nitric oxide 
overproduction in the superior mesenteric artery of portal hypertensive rats. 
Gastroenterology. 2003;125:1452-61. 

39. Arroyo V, Colmenero J. Ascites and hepatorenal syndrome in cirrhosis: pathophysiological 
basis therapy and current management. J Hepatol. 2003;38:S69-89. 

40. Ortega R, Gines P, Uriz J et al. Terlipressin therapy with and without albumin for patients 
with hepatorenal syndrome: results of a prospective, nonrandomized study. Hepatology. 
2002;36:941-8. 

41. Schrier RW, Arroyo V, Bernardi M et al. Peripheral arterial vasodilation hypothesis: a 
proposal for the initiation of renal sodium and water retention in cirrhosis. Hepatology. 
1988;8:1151-7. 

42. Zhang J, Ling Y, Luo B et al. Analysis of pulmonary heme oxygenase- 1 and nitric oxide 
synthase alterations in experimental hepatopulmonary syndrome. Gastroenterology. 
2003;125:1441-51. 

43. Luo B, Liu L, Tang L et al. ET-1 and TNF-alpha in HPS: analysis in prehepatic portal 
hypertension and biliary and nonbiliary cirrhosis in rats. Am J Physiol Gastrointest Liver 
Physiol. 2004;286:G294-303. 

44. Kim NH, Rubin LJ. Endothelin in health and disease: enothelin receptor antagonists in the 
management of pulmonary artery hypertension. J Cardiovasc Pharmacol Ther. 2002;7:9-19. 

45. Michelakis ED, Tymchak W, Noga M et al. Long-term treatments with oral sildenafil is safe 
and improves functional capacity and hemodynamics in patients with pulmonary arterial 
hypertension. Circulation. 2003;108:2066-9. 

46. Butterworth RF. Hepatic encephalopathy: a neuropsychiatric disorder involving multiple 
neurotransmitter systems. Curr Opin Neurol. 2000;13:721-7. 

47. Blei AT. Diagnosis and treatment of hepatic encephalopathy. Baillieres Best Pract Res Clin 
Gastroenterol. 2000;14:959-74. 

48. Larsen FS. Cerebral circulation in liver failure: Ohm’s law in force. Semin Liver Dis. 
1996 ; 16 : 282 - 92 . 

49. Guevara M, Bru C, Gines P et al. Increased cerebrovascular resistance in cirrhotic patients 
with ascites. Hepatology. 1998;28:39-44. 

50. Myers PP, Cerini R, Sayegh R et al. Cardiac hepatopathy: clinical, hemodynamic, and 
histologic characteristic correlations. Hepatology. 2003;37:393-400. 

51. Inserte J, Perello A, Agullo L et al. Left ventricular hypertrophy in rats with biliary cirrhosis. 
Hepatology. 2003;38:589-98. 

52. Ruiz-del-Arbol L, Urman J, Fernandez J et al. Systemic, renal, and hepatic hemodynamic 
derangement in cirrhotic patients with spontaneous bacterial peritonitis. Hepatology. 
2003;38:1210-18. 

53. Kim WR, Brown RS, Terrault NA, El-Serag H. Burden of liver disease in the United States: 
Summary of a workshop. Hepatology. 2002;36:227-42. 

54. Adams PC, Arthur MJ, Boyer TD et al. Screening in liver disease: report of an AASLD 
clinical workshop. Hepatology. 2004;39:1203-12. 

55. Sandler RS, Everhart JE, Donowitz M et al. The burden of the selected digestive diseases in 
the United States. Gastroenterology. 2002;122:1500-11. 

56. Boyer TD. Transjugular intrahepatic portosystemic shunt: current status. Gastro- 
enterology. 2003;124:1700-10. 

57. Arroyo V, Rodes J, Gutierrez-Lizarraga MA, Revert L. Prognostic value of spontaneous 
hyponatremia in cirrhosis with ascites. Am J Dig Dis. 1976;21:249-56. 

58. Restuccia T, Gomez-Anson B, Guevara M et al. Effects of dilutional hyponatremia on brain 
organic osmolytes and water content in patients with cirrhosis. Hepatology. 2004 (in press). 



11 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



59. Groszmann RJ, Garcia-Tsao G, Makuch R et al. Multicenter randomized placebo-con- 
trolled trial of non-selective beta blockers in the prevention of the complications of portal 
hypertension: final results and identification of a predictive factor. Hepatology. 
2003;38:206A. 

60. Albornoz L, Bandi JC, Otaso JC et al. Prolonged bleeding time in experimental cirrhosis: 
role of nitric oxide. J Hepatol. 1999;30:456-60. 

61. Van der Merwe SW, van den Bogaerde, Goosen C et al. Hepatic osteodystrophy in rats 
results mainly from portosystemic shunting. Gut. 2003;52:580-5. 



12 



2 

The vascular endothelium and 
nitric oxide 

JOHN L. WALLACE 



INTRODUCTION 

The endothelium is a single layer of cells lining blood and lymphatic vessels. 
The endothelium separates the contents of the lumen of blood vessels from 
the underlying connective tissue and vascular smooth muscle. It therefore 
serves as a semi-permeable barrier, regulating the movement of substances 
from the lumen of the blood vessel to the interstitium, and vice-versa. The 
endothelium also acts as a transducer of signals from the lumen to the 
vascular smooth muscle, and plays a crucial role in regulating inflammatory 
responses and regulating the growth of new blood vessels. Nitric oxide (NO) 
is produced via the metabolism of L-arginine by a family of enzymes known 
as nitric oxide synthases (NOS). Endothelial NO production occurs primar- 
ily via the appropriately named endothelial NOS (eNOS). In recent years a 
great deal has been learned about the molecular regulation of eNOS activity. 
Moreover, the availability of selective NOS inhibitors and of genetically 
modified mice that lack eNOS has aided in gaining a better understanding 
of the physiological and pathophysiological roles of eNOS. NO is an impor- 
tant regulator of blood pressure and of local tissue blood flow. Along with 
prostacyclin, endothelial NO production is crucial to the regulation of 
platelet aggregation, as well as in regulating leukocyte adherence to endothe- 
lium (thus modulating inflammatory responses). In situations of endothelial 
dysfunction the impairment of NO synthesis contributes to elevated blood 
pressure, enhanced inflammatory reactions, impaired tissue blood flow and 
thrombogenesis. Controlled delivery of NO from exogenous sources may 
represent an attractive approach to the treatment of disorders characterized 
by endothelial dysfunction. 

As in many tissues, the actions of NO on endothelial function can appear 
to be inconsistent, causing stimulation of a function in some instances and 
inhibition of the same function in other instances. Usually these differences 
are related to the concentration of NO produced. This chapter is focused 
on the physiological effects of NO (generated by eNOS), rather than the 
pathophysiological effects associated with high concentrations of NO. 
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THE ENDOTHELIUM AS A BARRIER 

Throughout the body the endothelium acts as a barrier to restrict movement 
of materials between the interstitium and the lumen of blood vessels. The 
regulation of the permeability of this barrier can be crucial for survival of 
an organism. For example, the “blood-brain barrier” consists of the endothe- 
lial cells in the brain that restrict movement of potentially noxious blood- 
borne substances from gaining entry to the central nervous system. The 
permeability of the blood-brain barrier is, at least in part, regulated by NO 1 . 

Endothelial permeability is regulated by contractile elements within these 
cells. Contraction of these elements opens the gaps between neighboring 
cells, facilitating the movement of fluid or cells between the lumen and the 
interstitium. Thus, endothelial contraction contributes to edema formation 
in the context of inflammation. Various chemical mediators can increase 
endothelial permeability and promote edema formation, including histamine, 
leukotriene C 4 and platelet-activating factor. NO, in physiological concen- 
trations, acts to diminish endothelial permeability (i.e. an anti-inflammatory 
action). Moreover, NO donors have been found to reduce edema formation 
in various experimental models, while inhibitors of NO synthesis can 
exacerbate edema formation 2-4 . 



THE ENDOTHELIUM AS A TRANSDUCER 

In 1980 Furchgott and Zawadzki 5 reported the existence of what they termed 
an “endothelium-derived relaxing factor” or “EDRF”. It had been known 
for many years that acetylcholine caused relaxation of vascular smooth 
muscle. What Furchgott and Zawadzki demonstrated was that, if they 
removed the endothelium from their blood vessel preparations, acetylcholine 
could no longer produce a relaxation of the vascular smooth muscle. They 
proposed that acetylcholine stimulated the production by the endothelium 
of a substance (EDRF) that diffused to the adjacent vascular smooth muscle 
where it induced relaxation. This stimulated a vigorous race among cardio- 
vascular physiologists and pharmacologists for the identification of EDRF. 
At a conference on EDRF in 1986, Louis Ignarro and Robert Furchgott 
independently proposed that EDRF was NO, and in the following year, 
Ignarro et al. 6 and Palmer et al. 7 independently demonstrated that this was 
indeed the case. Furchgott and Ignarro received the Nobel Prize for 
Medicine/Physiology in 1998 for their pioneering work on the biology of 
EDRF and NO. 

It is now recognized that many vasodilators produce their effects via 
stimulation of NO synthesis by the endothelium, including histamine, calcito- 
nin gene-related peptide and bradykinin. These mediators bind to specific 
receptors on the luminal surface of endothelial cells and trigger the activation 
of eNOS (discussed in more detail below). This enzyme converts L-arginine 
plus oxygen to L-citrulline plus NO. The NO is able to freely diffuse from 
the endothelial cells. From the basolateral side of the endothelial cell NO 
can diffuse to the neighboring smooth muscle cells, where it can bind to and 
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activate soluble guanylate cyclase. The subsequent generation of cyclic gua- 
nosine monophosphate (GMP) leads to relaxation of the smooth muscle cell. 

THE ENDOTHELIUM AS A REGULATOR OF LEUKOCYTE 
INFILTRATION 

To get to a site of injury or infection a leukocyte must first leave the 
vasculature, and to do this it must cross the endothelium. The process of 
“diapedesis” is therefore crucial to inflammatory reactions, and is tightly 
regulated. Leukocytes are normally travelling within the blood stream at 
the same rate as the erythrocytes. The first step in their recruitment to a 
site of injury or infection involves “trapping” the leukocyte so that it begins 
to make contact with the endothelium. This is accomplished through 
up-regulation of selectins, a family of “Velcro”-like adhesion molecules. 
Endothelial cells contain p-selectin within Weibel-Palade bodies in the cyto- 
plasm. When appropriately stimulated, such as by histamine, the P-selectin 
is expressed on the luminal surface of the endothelium where it can bind to 
complementary leukocyte selectins (e.g. L-selectin). This binding is of fairly 
low affinity, so the leukocyte continues to move through the blood vessel, 
but it does so in such a way that it is described as “rolling” along the 
endothelium. The velocity of the leukocyte is reduced sufficiently such that 
it can bind, via the CD11/CD18 family of adhesion molecules, to endothelial 
integrins, such as ICAM-1. The process of migration of the leukocyte through 
gaps between adjacent endothelial cells is coordinated, in part, by another 
endothelial adhesion molecule, PECAM-1 8 . 

NO plays role in regulation of p-selectin expression. NO reduces p-selectin 
expression, and inhibitors of NO synthase elicit an increase in p-selectin 
expression, and a corresponding increase in leukocyte adherence to the 
endothelium. 9,10 Like the relaxant effects of NO on vascular smooth muscle, 
the down-regulation of p-selectin expression by NO is mediated via soluble 
guanylate cyclase/cGMP 11 . Endothelial adhesion molecules other than 
p-selectin do not appear to be regulated, in terms of their expression, by NO. 

THE ENDOTHELIUM AS A MODULATOR OF PLATELET 
FUNCTION AND HEALING 

Platelets play a crucial role not only in blood clotting, but also in inflamma- 
tory processes and in thrombosis. Platelets contain or can generate numerous 
proinflammatory mediators, including serotonin, thromboxane and lipoxins, 
which can be released at sites of injury. Platelets also contain a number of 
factors capable of regulating the process of new blood vessel growth (angio- 
genesis), including vascular endothelial growth factor (VEGF) and endo- 
statin. VEGF is one of the most potent pro-angiogenic factors, while 
endostatin is a powerful anti-angiogenic factor. The ability of platelets to 
adhere to the vascular endothelium and to aggregate is under the control 
of many soluble mediators, including NO. Thus, endothelial NO acts to 
down-regulate platelet aggregation and adherence, and therefore plays an 
important role in down-regulating inflammatory processes and thrombus 
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formation. NO is a potent inhibitor of platelet aggregation 12 and of platelet 
adherence 13 . The role of NO in the regulation of platelet function has been 
reviewed by Moncada et al. 14 . 

NO also mediates at least some of the pro-angiogenic effects of VEGF 15 . 
A recent series of studies from my laboratory illustrated some of the inter- 
actions among the endothelium, platelets, NO and angiogenic factors in the 
context of gastric ulcer healing. We first demonstrated an important role of 
endothelial NO synthesis in the healing of experimental gastric ulcers 16 . 
Inhibition of eNOS, but not of iNOS, delayed gastric ulcer healing. Platelets 
played a critical role in the ulcer healing process, apparently through their 
ability to deliver pro-angiogenic factors, such as VEGF, to the site of 
damage 17 . Interestingly, experimentally altering the levels of VEGF versus 
endostatin in the platelet could alter the rate of ulcer healing. When endo- 
statin levels were increased relative to VEGF levels, ulcer healing was 
retarded. Treatment with an experimental anti-inflammatory drug that 
releases NO was found to produce the opposite effect; that is, VEGF levels 
were increased relative to endostatin levels, and gastric ulcer healing was 
accelerated 18 . 



HOW IS ENDOTHELIAL NO PRODUCTION REGULATED? 

Expression of eNOS can be altered in several pathophysiological circum- 
stances. Physiological regulation of eNOS activity occurs through many 
different mechanisms, and has been the subject of several excellent 
reviews 19-22 . Immunohistochemical staining for eNOS reveals that it is 
expressed in close association with caveolin-1, adjacent to the plasma mem- 
brane of endothelial cells. Upon appropriate stimulation, such as by the 
binding of bradykinin, acetylcholine or histamine to their receptors on the 
luminal surface of the endothelial cell, an influx of calcium and its binding 
to calmodulin leads to activation of eNOS. One of the events that permits 
eNOS to catalyze the conversion of L-arginine to L-citrulline and NO is the 
dissociation of the enzyme from caveolin-1. The activity of eNOS can be 
further enhanced by the association of the enzyme to heat-shock protein 90. 
This can be stimulated by a number of factors, including shear stress and 
bradykinin. The dissociation of the bradykinin receptor from eNOS also 
facilitates the catalytic activity of the enzyme, as does phosphorylation of 
certain serine residues on eNOS and association of the enzyme with 
dynamin-2. 

As stated at the outset, the focus of this chapter is the physiological 
functions of the endothelium, and the role of NO in those functions. It is 
worth noting, however, that impaired endothelial synthesis of NO has been 
associated with a number of common diseases, including heart failure, hyper- 
tension, atherosclerosis, diabetes and hypercholesterolemia 22-24 . Delivery of 
NO in appropriate amounts, and at an appropriate rate, may offer a thera- 
peutic approach to the treatment of these disorders. Indeed, this has been 
proposed for a number of NO-releasing derivatives of common anti-inflam- 
matory drugs, including aspirin 25 . 
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3 

Endothelial-derived nitric oxide as 
a marker for healthy endothelium 

WILLIAM C. SESSA 



INTRODUCTION 

In the past decade the importance of the vascular endothelium as a multi- 
functional regulator of vascular smooth muscle physiology and pathophysio- 
logy has been appreciated. Indeed, the endothelium responds to 
hemodynamic stimuli (pressure, shear stress and wall strain) and locally 
manufactured mediators (such as bradykinin, prostaglandins and angio- 
tensin) and in turn can release factors that can influence the adhesion and 
aggregation of circulating cells to the endothelium and the tone of vascular 
smooth muscle. In many diseases, including cirrhosis, atherosclerosis or 
diabetes, endothelial dysfunction manifested as an impairment of nitric oxide 
(NO) production may be an early hallmark of disease and a treatable entity. 
In this chapter the importance of NO as a mediator of vascular function 
and potential mechanisms leading to endothelial dysfunction will be 
discussed. 



REGULATION OF VASCULAR TONE BY ENDOGENOUS NO 

Endothelial nitric oxide synthase (eNOS) is the NOS isoform responsible 
for producing the classical endothelium-derived relaxing factor as originally 
described by Furchgott and Zawadski 1 . Evidence for the importance of 
eNOS-derived NO in the regulation of vascular tone is based on experiments 
in animals and in humans demonstrating that L-arginine-based inhibitors of 
NOS increase blood or perfusion pressure and vascular resistance and reduce 
blood flow in vivo and in vitro. More recently this has been unequivocally 
confirmed using mice with targeted disruption of the eNOS gene locus. 
eNOS knockout mice (— /— ) are mildly hypertensive relative to wild-type 
littermate control mice (+/+) of the same generation. Importantly, the 
pressor effect of nitro-L-arginine, a NOS inhibitor, is attenuated in the — / — 
mice and endothelium-dependent relaxation in response to acetylcholine is 
abrogated in isolated vessels 2,3 . This fundamental finding is direct “proof- 
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of-principle” for the major contribution of NO in vasomotor control in large 
blood vessels. 

PHYSIOLOGICAL ACTIVATION OF eNOS AND NO RELEASE 

Typically, endothelial cells release NO in response to autacoids that mobilize 
intracellular calcium such as thrombin, vascular endothelial growth factor 
(VEGF) or adenosine diphosphate (ADP). The proposed mechanism for 
eNOS activation is that the released calcium will bind to calmodulin (CaM) 
and the calcium/CaM complex will bind to the CaM site in the enzyme to 
promote NO synthesis. However, the most physiological agonist for NO 
release is fluid shear stress. Shear stress in vitro, or shear rate in vivo, is the 
tangential vector of force elicited by the flow of blood over the endothelial 
cell surface. Exposure of endothelial cells to shear stress results in a burst 
of NO release, followed by a sustained phase. In vivo, increasing shear rate 
due to high blood flow or vasoconstriction will cause flow-dependent dil- 
ations of certain vascular beds including the splanchnic circulation. Shear- 
induced NO release in vitro and flow-dependent vasodilation in vivo can be 
blocked with NOS inhibitors. Interestingly, shear-induced NO release 
appears to be “independent” of fluctuations of calcium since shear causes a 
rapid burst of calcium release that does not parallel the sustained release of 
NO; chelation of intracellular calcium does not influence the rate of NO 
production elicited by shear and CaM antagonists can block bradykinin- 
induced NO release but not shear-induced release 4,5 . These data collectively 
suggest a fundamental difference in the signal transduction mechanisms for 
agonist versus shear- or growth factor-induced activation of eNOS. 

REGULATION OF NO PRODUCTION BY PROTEIN 
INTERACTIONS AND DISEASE 

eNOS is a membrane-associated NOS isoform that is modified by 
co-translational N-myristoylation at glycine 2 and post-translational cysteine 
palmitoylation at positions 15 and 26 6 , and these fatty acids are important 
for its tarageting in the Golgi region and plasmalemmal caveolae. The proper 
localization of eNOS is necessary for its interactions with other regulatory 
proteins (scaffolds, chaperones, kinases) that fine-tune the cycles of eNOS 
activation and inactivation. 

The major negative regulatory protein for eNOS is caveolin-1. Caveolin-1 
is the major coat protein of caveolae, and has several faces that may influence 
the biology of proteins that localize to cholesterol-rich plasmalemma caveo- 
lae. Indeed caveolin-1 is necessary for the biogenesis of caveolae through an 
unknown mechanism 7 . In addition, caveolin-1 can serve as a cholesterol- 
binding protein and traffic cholesterol from the endoplasmic reticulum 
through the Golgi to the plasma membrane. Finally, caveolin has the capac- 
ity to directly interact with other intracellular proteins such as c-Src and 
H-Ras through amino acids 82-101, the putative scaffolding domain. Indeed, 
three groups independently demonstrated that eNOS could directly interact 
with caveolin-1 or caveolin-3 8 " 10 . The primary binding region of caveolin-1 
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for eNOS is within amino acids 60-101 and to lesser extent amino acids 
135-178. Furthermore, the caveolin-eNOS immunocomplex is disrupted in 
the presence of caveolin scaffolding peptides (amino acids 82-101). 

In-vivo evidence supporting the role of caveolin- 1 as a negative regulator 
of eNOS is emerging. Recent work using the caveolin scaffolding domain 
as a surrogate for caveolin has demonstrated that eNOS can be regulated 
in situ. Exposure of permeabilized cardiac myocytes to the caveolin-3 
scaffolding domain peptide (amino acids 55-74), but not a scrambled version, 
antagonized the negative chronotropic actions of carbachol 11 . Our group 
recently used a membrane-permeable form of the caveolin- 1 scaffolding 
domain (amino acids 82-101) by fusing it to a cell-permeable leader 
sequence 12 . Exposure of the peptide to blood vessels blocked acetylcholine- 
induced relaxations, with no effect on relaxant responses to sodium nitro- 
prusside or the release of prostacyclin showing that, in an intact blood 
vessel, the caveolin peptide is a potent inhibitor of eNOS. In addition, the 
peptide also blocked inflammation in two different models by influencing 
vascular permeability, suggesting that peptidomimetics may be useful thera- 
peutically. Most recently this peptide has been shown to block microvascular 
permeability in tumors and hyperpermeability of postcapillary venules 13 . 
Finally, genetic evidence from caveolin-1 knockout mice strongly supports 
the concept that eNOS is negatively regulated by caveolin-1 in vivo. Both 
basal and stimulated eNOS activation and relaxations are enhanced 
in vessels from caveolin-1 (—/—) mice 14,15 . In addition, the vessels in the 
microcirculation are hyperpermeable from NO-dependent vascular 
leakage 16 . 

With respect to disease mechanisms that may influence the caveolin/eNOS 
interaction, there is evidence that, in a rat model of cirrhosis, caveolin-1 is 
overexpressed, more caveolin-1 interacts with eNOS and the basal and 
stimulated production of NO is depressed 17 , suggesting that this interaction 
may increase portal pressures and contribute to the disease state. More 
recently, in cholestatic models of disease, the up-regulation of sinusoidal 
caveolin-1 and a decrease in eNOS activity is seen 18 . Most importantly, 
elevated expression of caveolin-1 has been found in patients with hepatocellu- 
lar carcinoma and hepatitis C-related cirrhosis, suggesting that the 
up-regulation of caveolin-1 may contribute to endothelial dysfunction in the 
liver 19,20 . 

Another protein interaction that regulates eNOS is via heat-shock protein 
90 (hsp90). Blockade of hsp90-mediated signaling with geldanamycin (GA), 
or more recently radidicol (RAD), attenuates histamine and VEGF-stim- 
ulated cGMP production in cultured endothelial cells and blocked acetylcho- 
line-induced vasorelaxation of rat aortic rings, middle cerebral artery and 
flow-induced dilation, indicating that hsp90 signaling was crucial for NO 
release and endothelial function 21,22 . Further support for the relevance of 
hsp90/eNOS interactions in vivo was demonstrated in a model of portal vein 
ligation (PVL) in rats 23 , and in a model of inflammation 24 . In the former 
study the physical interaction of hsp90 with eNOS isolated from the mesen- 
teric microcirculation was documented and GA attenuated acetylcholine- 
dependent vasodilation to the same extent as conventional NOS inhibitors. 
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In portal hypertensive rats eNOS protein levels are not changed compared 
to control rats, but NOS activity is markedly enhanced in the mesenteric 
tissue of hypertensive rats. The enhanced activity correlated with hypo- 
responsiveness to the vasoconstrictor methoxamine (MTX) and GA potenti- 
ated the MTX-induced vasoconstriction after PYL, partially reversing the 
hyporeactivity to this agent, indicating that hsp90 can act as a signaling 
component leading to NO-dependent responses in the mesenteric microcir- 
culation. In the latter study GA dose-dependently inhibited inflammation, 
an effect as potent as a steroid. Since GA blocks NO release, and NOS 
inhibitors reduce edema formation, it is possible that drugs that specifically 
inhibit hsp90 will be good anti-inflammatory drugs. 



FUTURE DIRECTIONS TO CORRECT ENDOTHELIAL 
DYSFUNCTION 

In many vascular-based diseases endothelial dysfunction, characterized by 
an impairment of eNOS funtion or inactivation of NO by oxidative stress, 
will result in a deficit in bioavailable NO. Insights into how eNOS is 
regulated, and the development of novel NO donors to supplant the “NO- 
deficient state”, will hopefully lead to improvements in blood flow in the 
intrahepatic circulation during cirrhosis. 

Acknowledgements 

I apologize to colleagues whose references were omitted for the sake of 
brevity, or whose contributions were cited in reviews. This work is supported 
by grants from the National Institutes of Health and the American Heart 
Association. 

References 

1. Furchgott RF, Zawadski JV. The obligatory role of the endothelial cells in the relaxation of 
arterial smooth muscle by acetylcholine. Nature 1981;288:373-6. 

2. Huang PL, Huang Z, Mashimo H et al. Hypertension in mice lacking the gene for endothe- 
lial nitric oxide synthase [See comments]. Nature 1995;377:239-42. 

3. Shesely EG, Maeda N, Kim HS et al. Elevated blood pressures in mice lacking endothelial 
nitric oxide synthase. Proc Natl Acad Sci USA. 1996;93:13176-81. 

4. Kuchan MJ, Frangos JA. Role of calcium and calmodulin in flow-induced nitric oxide 
production in endothelial cells. Am J Physiol. 1994;266:C628-36. 

5. Fleming I, Bauersachs J, Fisslthaler B, Busse R. Ca 2+ -independent activation of the endothe- 
lial nitric oxide synthase in response to tyrosine phosphatase inhibitors and fluid shear 
stress. Circ Res. 1998;82:686-95. 

6. Fulton D, Gratton JP, Sessa WC. Post-translational control of endothelial nitric oxide 
synthase: why isn’t calcium/calmodulin enough? J Pharmacol Exp Ther. 2001;299:818-24. 

7. Smart EJ, Graf GA, McNiven MA et al. Caveolins, liquid-ordered domains, and signal 
transduction. Mol Cell Biol. 1999;19:7289-304. 

8. Feron O, Belhassen L, Kobzik L, Smith TW, Kelly RA, Michel T. Endothelial nitric oxide 
synthase targeting to caveolae. Specific interactions with caveolin isoforms in cardiac myo- 
cytes and endothelial cells. J Biol Chem. 1996;271:22810-14. 

9. Garcia-Cardena G, Fan R, Stern DF, Liu J, Sessa WC. Endothelial nitric oxide is regulated 
by tyrosine phosphorylation and interacts with caveolin-1. J Biol Chem. 1996;271:27237-40. 

10. Ju H, Zou R, Venema VJ, Venema RC. Direct interaction of endothelial nitric-oxide synthase 
and caveolin-1 inhibits synthase activity. J Biol Chem. 1997;272:18522-5. 



22 



ENDOTHELIAL-DERIVED NO AND HEALTHY ENDOTHELIUM 



11. Feron O, Dessy C, Opel DJ, Arstall MA, Kelly RA, Michel T. Modulation of the endothelial 
nitric-oxide synthase-caveolin interaction in cardiac myocytes. Implications for the auto- 
nomic regulation of heart rate. J Biol Chem. 1998;273:30249-54. 

12. Bucci M, Gratton JP, Rudic RD et al. In vivo delivery of the caveolin-1 scaffolding domain 
inhibits nitric oxide synthesis and reduces inflammation. Nat Med. 2000;6:1362-7. 

13. Gratton JP, Lin MI, Yu J et al. Selective inhibition of tumor microvascular permeability by 
cavtratin blocks tumor progression in mice. Cancer Cell. 2003;4:31-9. 

14. Razani B, Engelman JA, Wang XB et al. 2001. Caveolin-1 null mice are viable but show 
evidence of hyperproliferative and vascular abnormalities. J Biol Chem. 2001; 276:38121-38. 

15. Drab M, Verkade P, Eiger M et al. 2001. Loss of caveolae, vascular dysfunction, and 
pulmonary defects in caveolin-1 gene-disrupted mice. Science. 2001;293:2449-52. 

16. Razani B, Woodman SE, Lisanti MP et al. Caveolae: from cell biology to animal physiology. 
Pharmacol Rev. 2002;54:431-67. 

17. Shah V, Toruner M, Haddad F et al. Impaired endothelial nitric oxide synthase activity 
associated with enhanced caveolin binding in experimental cirrhosis in the rat. 
Gastroenterology. 1 999; 1 1 7: 1 222-8. 

18. Shah V, Cao S, Hendrickson H, Yao J, Katusic ZS et al. Regulation of hepatic eNOS by 
caveolin and calmodulin after bile duct ligation in rats. Am J Physiol Gastrointest Liver 
Physiol. 200 1 ;280:G 1 209- 1 6. 

19. Yokomori H, Oda M, Ogi M, Sakai K, Ishii H. Enhanced expression of endothelial nitric 
oxide synthase and caveolin-1 in human cirrhosis. Liver. 2002;22:150-8. 

20. Yokomori H, Oda M, Yoshimura K et al. Elevated expression of caveolin-1 at protein and 
mRNA level in human cirrhotic liver: relation with nitric oxide. J Gastroenterol. 
2003;38:854-60. 

21. Garcia-Cardena G, Fan R, Shah V et al. Dynamic activation of endothelial nitric oxide 
synthase by Hsp90. Nature. 1998;392:821-4. 

22. Ou J, Fontana JT, Ou Z et al. Heat shock protein 90 and tyrosine kinase regulate eNOS 
NO* generation but not NO* bioactivity. Am J Physiol Heart Circ Physiol. 2004; 
286:H561-9. 

23. Shah V, Wiest R, Garcia-Cardena G, Cadelina G, Groszmann RJ, Sessa WC. Hsp90 regula- 
tion of endothelial nitric oxide synthase contributes to vascular control in portal hyperten- 
sion. Am J Physiol. 1999;277:G463-8. 

24. Bucci M, Roviezzo F, Cicala C, Sessa WC, Cirino G. Geldanamycin, an inhibitor of heat 
shock protein 90 (Hsp90) mediated signal transduction has anti-inflammatory effects and 
interacts with glucocorticoid receptor in vivo. Br J Pharmacol. 2000; 131:13-16. 



23 



Section II 

Mechanism of disease progression 



4 

Mechanisms of hepatic 
fibrogenesis 

SCOTT L. FRIEDMAN 



GENERAL ASPECTS OF FIBROSIS AND CIRRHOSIS 

Cirrhosis represents the end-stage consequence of fibrosis of the hepatic 
parenchyma resulting in nodule formation and altered hepatic function. 
Mounting evidence has now established that even advanced fibrosis and 
cirrhosis are reversible. Examples include alcohol abstinence, lamivudine 
treatment for chronic hepatitis B 1 , treatment of hepatitis C with interferon/ 
ribavirin 2 , surgical decompression of biliary obstruction 3,4 , immunosuppres- 
sive therapy for autoimmune hepatitis, and phlebotomy for hemochro- 
matosis. Fibrosis and cirrhosis represent the consequences of a sustained 
wound-healing response to chronic liver injury from a variety of causes. 
Cirrhosis affects hundreds of millions of patients worldwide. In the USA, it 
is the most common non-neoplastic cause of death among hepatobiliary 
and digestive diseases, accounting for approximately 30 000 deaths per year. 
In addition 10000 deaths occur due to liver cancer, the majority of which 
arise in cirrhotic livers, with mortality rate steadily rising 5,6 . 

The molecular composition of the scar tissue in cirrhosis is similar regard- 
less of etiology, and consists of the extracellular matrix constituents, collagen 
types I and III (i.e. “fibrillar” collagens), sulfated proteoglycans, and glyco- 
protein. These scar constituents accumulate from a net increase in their 
deposition in liver, and not simply collapse of existing stroma. 



HEPATIC FIBROSIS IS THE LIVER’S WOUND-HEALING 
RESPONSE TO INJURY 

There has been steady progress in defining the cells responsible for accumula- 
tion of scar, or extracellular matrix (ECM), the signals that drive ECM 
production, and the enzymes that can degrade scar. Even after acute injury 
the fibrogenic pathways are already being harnessed, but in order for these 
to eventuate in scar, the injury must be sustained. 
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Stellate cells also make a major contribution to the regulation of intrahep- 
atic blood flow. The microvascular unit of the liver, the sinusoid, is remark- 
ably similar to peripheral capillary beds. Sinusoids are lined by endothelial 
cells, and on their basal surface are stellate cells within the space of Disse. 
Hepatic stellate cells resemble tissue pericytes, a cell population that has 
smooth muscle features and is thought to regulate blood flow by modulating 
pericapillary resistance 8 . During stellate cell activation they increase their 
expression of the contractile protein alpha smooth muscle actin. Incubation 
of isolated human stellate cells with vasoconstrictors such as angiotensin-II 
and thrombin, leads to phenotypic changes including cellular rounding, 
which are associated with increased intracellular calcium 9 . Furthermore, 
studies using in-vivo microscopy to co-localize sinusoidal constriction with 
associated autofluorescence 10-13 , provide more direct evidence that stellate 
cells are contractile and can regulate intrahepatic blood flow. The increased 
intrahepatic vascular resistance characteristic of cirrhosis is thought to arise 
from an imbalance between vasodilator/vasoconstrictor forces that regulate 
hepatic vascular tone, as reviewed in related chapters in this book. In 
summary, the contractile phenotype and perisinusoidal orientation of stellate 
cells make them ideally positioned to regulate sinusoidal blood flow. 



REGULATION OF HEPATIC FIBROSIS - THE ROLE OF THE 
HEPATIC STELLATE CELL 

Hepatic stellate cells represent one-third of the non-parenchymal (i.e. non- 
hepatocyte) population, or about 15% of the total number of resident cells 
in liver. In normal liver they are the principal cell for storing vitamin A, 
primarily as retinyl esters within perinuclear cytoplasmic droplets. “Stellate 
cells” actually represent a heterogeneous group of cells which are functionally 
and anatomically similar, but may differ in the types of cellular filaments 
they express and their potential for activation into more fibrogenic 
“myofibroblasts” 14 . 

Because stellate cells are wrapped around the sinusoid they are able to 
interact readily through long cytoplasmic processes with all neighboring cell 
types, including Kupffer cells, hepatocytes, sinuosoidal endothelial cells, and 
immune cells. This orientation facilitates paracrine (i.e. cell-to-cell) inter- 
actions that are essential for both normal liver function and the fibrotic 
response to injury. 

The hepatic stellate cell (previously called lipocyte, Ito, fat-storing, or 
perisinusoidal cell) is the primary source of the extracellular matrix in 
normal and fibrotic liver. Hepatic stellate cells are resident perisinusoidal 
cells in the subendothelial space between hepatocytes and sinusoidal endo- 
thelial cells. They are the primary site for storing retinoids and therefore 
can be recognized by their vitamin A autofluorescence in normal unfixed 
liver and following their isolation. In addition, their perisinusoidal orienta- 
tion and expression of the cytoskeletal proteins desmin, glial acidic fibrillary 
protein and smooth muscle actin (in injured liver) facilitate their identifica- 
tion in situ 14 . 
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INITIATION 


PERPETUATION 


• Transcriptional events 


j • Increased cytokine secretion 
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Figure 1 . Pathways of stellate cell activation and its resolution. Hepatic stellate cells (HSC) 
undergo activation in which they acquire many features that contribute to their fibrogenic and 
proliferative phenotype. Early activation (“Initiation”) is followed by major phenotype changes 
(“Perpetuation”) that includes proliferation, contractility, fibrogenesis, matrix degradation, che- 
motaxis, retinoid loss, and WBC chemotaxis. Finally, when liver injury ceases (“Resolution”), 
stellate cells may either reverse or undergo apoptosis, thereby reducing the fibrogenic population 
in liver (reprinted from ref. 14, with permission) 



Studies in both animals and humans with progressive injury have defined 
a gradient of changes within stellate cells that collectively are termed “ activa- 
tion ” 15 (Figure 1). Stellate cell activation refers to the transition from a 
quiescent vitamin A-rich cell to a highly fibrogenic cell type characterized 
morphologically by enlargement of rough endoplasmic reticulum, diminu- 
tion of vitamin A droplets, ruffled nuclear membrane, appearance of con- 
tractile filaments, and proliferation. Proliferation of stellate cells generally 
occurs in regions of greatest injury, which is typically preceded by an influx 
of inflammatory cells and is associated with subsequent extracellular matrix 
(ECM) accumulation. 

Stellate cell activation, the central event in hepatic fibrosis, can be concep- 
tualized as occurring in at least two stages: initiation and perpetuation. 
Initiation refers to early events encompassing rapid changes in gene expres- 
sion and phenotype that render the cells responsive to cytokines and other 
stimuli. It results from paracrine stimulation due to rapid, disruptive effects 
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of liver injury on the homeostasis of neighboring cells and from early changes 
in ECM composition. Perpetuation incorporates those cellular events that 
amplify the activated phenotype through enhanced cytokine expression and 
responsiveness and involves at least seven discrete changes in cell behavior: 
(a) proliferation, (b) chemotaxis, (c) fibrogenesis, (d) contractility, (e) matrix 
degradation, (f) retinoid loss, and (g) white blood cell (WBC) chemoattrac- 
tant and cytokine release. Either directly or indirectly the net effect of these 
changes is accumulation of ECM, architectural distortion, and gradual 
increase in intrahepatic resistance ultimately leading to clinically significant 
portal hypertension. 

Initiation 

Stimuli initiating stellate cell activation derive from injured hepatocytes and 
neighboring endothelial and Kupffer cells in addition to rapid, subtle changes 
in ECM composition. 

Hepatocytes, as the most abundant cell in liver by number and volume, 
are a potent source of reactive oxygen intermediates (ROI), or free radicals, 
when they are injured 16 . Kupffer cells also generate ROI in response to liver 
injury. These compounds exert paracrine stimulation of stellate cells. 
Moreover, their activity is amplified in vivo by depletion of antioxidants as 
typically occurs in diseased liver. 

Sinusoidal endothelial cells play a dual role in early stellate cell activation. 
Injury to sinusoidal endothelial cells stimulates production of a specific 
variant of cellular fibroneetin which has an activating effect on stellate cells 17 . 

Increasing attention is focused on the role of lymphocyte subsets on 
hepatic fibrosis, and specifically on hepatic stellate cell activation. Genetic 
determinants of fibrosis are being uncovered in mice 18 , many of which 
regulate the type and vigor of the inflammatory response. These animal 
studies are complemented by human data that emphasize the impact of 
immune suppression on accelerating fibrosis progression, for example in 
HIY infection 19 or following liver transplantation 20 . Stellate cells express 
key molecules that participate in the inflammatory response, including CD40, 
which enables direct interaction with lymphocytes expressing CD40 ligand 21 . 
Our own studies have begun to explore the impact of specific T cell subsets 
in animal models of fibrosis using adoptive transfer methods. These efforts 
may help define new points of attack in modulating fibrosis therapeutically. 

Perpetuation 

Perpetuation of stellate cell activation involves key phenotypic responses 
mediated by effects of cytokines (i.e. soluble growth factors) and degradation 
of ECM. Enhanced cytokine responses occur at many levels, including 
increased expression of cell membrane receptors and enhanced signaling. In 
particular, a family of receptors known as receptor tyrosine kinases (RTK) 
mediate many of the stellate cell’s responses to cytokines, and are broadly 
up-regulated during liver injury. 

Fibrillar or scar ECM also accelerates stellate cell activation. These effects 
are mediated not only through interactions with integrins, the classic ECM 
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receptors, but also through binding to at least one RTK. We have recently 
found that a subfamily of receptor tyrosine kinases, discoidin domain recep- 
tors (DDR), are up-regulated during stellate cell activation 22-24 . What makes 
DDR unique is that, unlike other RTK, DDR signal in response to fibrillar 
collagens rather than soluble growth factors. The identification of discoidin 
domain receptor-2 (DDR-2) in stellate cells explains why fibril-forming 
matrix (especially collagen type I) provokes activation of stellate cells during 
sinusoidal fibrosis. The receptors contribute to a positive feedback loop in 
which activated stellate cells generate increased fibrillar collagen at a time 
when the cells are beginning to express a receptor that signals in response 
to this collagen. As a result of DDR-2 activation by collagen ligand, the 
cells generate more MMP-2 (matrix metalloproteinase-2), which in turn 
hastens pathologic matrix degradation by MMP-2. Thus, as the subendothel- 
ial basement membrane is replaced by fibrillar collagen, stellate cell activa- 
tion may be perpetuated via binding of collagen to the DDR-2 receptor. 

Successful efforts to reverse fibrosis and cirrhosis must include the degra- 
dation of excess ECM in order for normal liver architecture to be restored. 
Fortunately, there has been significant progress in understanding how scar 
is degraded in liver by specific enzymes whose activities and specificities are 
tightly regulated. There are broadly two kinds of matrix degradation in 
liver: one that disrupts the low-density matrix of normal liver (“pathologic 
matrix degradation”) and may therefore worsen liver disease; the other the 
degradation of excess scar that may help restore the architecture of the 
injured liver to normal. 

In liver “pathologic” matrix degradation refers to the early disruption of 
the normal subendothelial matrix which occurs through the actions of at 
least four enzymes: MMP-2 (also called “gelatinase A” or “72 kDa type IY 
collagenase”) and MMP-9 (“gelatinase B” or “92 kDa type IV collagenase”), 
which degrade type IV collagen, membrane-type MMP-1 or MMP-2, which 
activates latent MMP-2, and stromelysin-1, which degrades proteoglycans 
and glycoproteins, and also activates latent collagenases (see ref. 25 for 
review). 

Failure to degrade the accumulated scar matrix is a major reason why 
fibrosis will progress to cirrhosis. MMP-1 is the main protease which can 
degrade type I collagen, the principal collagen in fibrotic liver, although it 
is not clear which cell(s) in liver produce this important enzyme. More 
importantly, progressive fibrosis is associated with marked increases in 
TIMP-1 and TIMP-2 (tissue inhibitor of metalloproteinases 1 and 2), leading 
to a net decrease in protease activity, and therefore more unopposed matrix 
accumulation 26 . Stellate cells are the major source of these inhibitors. 
Sustained TIMP-1 expression is emerging as a key reason why fibrosis 
progresses. 

PHENOTYPIC RESPONSES OF ACTIVATED STELLATE CELLS 

Discrete phenotype responses of stellate cells can be identified as their 
activation in response to liver injury is perpetuated. These include: (a) prolif- 
eration, (b) contractility, (c) fibrogenesis, (d) matrix degradation, (e) chemo- 
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taxis, (f) retinoid loss, (g) cytokine release and WBC chemoattraction. A 
review of these features is instructive to illustrate how their integration leads 
to sustained ECM production and liver disease. 

Proliferation 

Increased numbers of stellate cells in injured liver arise in part from local 
proliferation in response to polypeptide growth factors, most of which signal 
through receptor tyrosine kinases 27 . Platelet-derived growth factor (PDGF) 
is the best-characterized and most potent among these proliferative factors 
in hepatic fibrosis. Injury is associated with both increased autocrine PDGF 
and up-regulation of PDGF receptor. PDGF signaling in activated stellate 
cells includes activation of the ERK/MAP kinase pathway as well as calcium, 
changes in intracellular pH and phosphoinositol 3 kinase (PI3-kinase). 

A large number of other mitogens can provoke stellate cell proliferation, 
but none is as potent as PDGF. These include thrombin, fibroblast growth 
factor, and vascular endothelial growth factor. For most of these cytokines, 
induction of their specific cell membrane receptors parallels their increased 
growth stimulation. 

Contractility 

Contractility by activated stellate cells represents an important mechanism 
underlying increased portal resistance during liver injury 28 . The key con- 
tractile stimulus towards stellate cells is endothelin 1 (ET-1). Up-regulation 
of ET-1 production is accompanied by increased endothelin-con verting 
enzyme- 1, which activates the latent ET-1. ET-1, in addition to its potent 
contractile effect, also regulates stellate cell proliferation. 

At least two G-protein-coupled receptors mediate the effects of ET-1. 
Unlike receptor tyrosine kinases, which are generally induced during activa- 
tion, ET receptor types A and B are expressed on both quiescent and 
activated stellate cells. However, the relative prevalence of ETA and ETB 
receptors changes with the cellular activation, and each mediates divergent 
responses. 

Fibrogenesis 

Transforming growth factor beta 1 (TGF-PJ is the dominant stimulus to 
ECM production by stellate cells 29 . TGF-Pi is increased in experimental 
and human hepatic fibrosis. There are many sources of this cytokine; how- 
ever, autocrine expression is most important. Regulation of TGF-P activity 
is highly complex, with multiple levels including activation of the latent 
cytokine, binding to circulating proteins, as well as a complex signaling 
cascade within cells following binding to their receptors. Up-regulation of 
collagen synthesis during activation is among the most striking molecular 
responses of stellate cells to injury, and is mediated by both transcriptional 
and post-transcriptional mechanisms, not all of which can be ascribed to 
TGF-Pj. Recently, fibrogenic stimulation of stellate cells has also been 
ascribed to connective tissue growth factor (CTGF), a widely expressed 
growth factor 30 . 
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Matrix degradation 

As noted above, changes in matrix protease activity lead to remodeling of 
the hepatic ECM during liver injury, which both directly and indirectly 
accelerates stellate cell activation. 

Through the up-regulation of TIMP-1 and TIMP-2, activated stellate 
cells can also inhibit the activity of interstitial collagenases, which addition- 
ally favors the accumulation of scar. Up-regulation of TIMP-1 gene expres- 
sion requires a high-mobility activator protein- 1 (AP-1) binding activity 
which is absent from quiescent stellate cells; this mode of regulating TIMP-1 
gene expression has not previously been described. 

Stellate cell chemotaxis 

The directed migration of activated stellate cells enhances their accumulation 
in areas of injury 31 . PDGF and monocyte chemotactic protein-1 (MCP-1) 
can stimulate directed migration of activated but not quiescent stellate cells. 
Chemotaxis of activated stellate cells towards areas of injury explains why 
scar begins to develop in linear septae, since this is the region where activated 
stellate cells are aligned. 

Retinoid loss 

Loss of intracellular vitamin A is a notable feature of stellate cell activation, 
yet it remains unknown whether retinoid loss is required for stellate cells to 
activate, and which retinoids might accelerate or prevent activation in vivo. 

Cytokine release and leukocyte chemoattraction 

Increased production and/or activity of cytokines are critical for perpetua- 
tion of stellate cell activation 27 . Almost all features of stellate cell activation 
can be attributed to autocrine cytokines. ECM in liver is an important 
reservoir of bound growth factors, many of which are likely to be derived 
from stellate cells. 

Stellate cells can also amplify inflammation through the release of neutro- 
phil and monocyte chemoattractants. Key inflammatory chemokines are 
colony-stimulating factor and MCP-1. Up-regulation of adhesion molecules 
accompanying stellate cell activation further amplifies inflammation during 
liver injury. 

SUMMARY 

Progress in understanding intracellular signaling, transcriptional gene regu- 
lation and genetic determinants of fibrosis offers optimism for continued 
advances in understanding hepatic stellate cell activation and fibrosis. The 
field has advanced to a critical stage in which there are now realistic 
expectations for treatment of hepatic fibrosis in patients with chronic liver 
disease built upon this increased understanding. 
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5 

The role of hepatic stellate 
cells/myofibroblasts 

MASSIMO PINZANI 



HEPATIC STELLATE CELLS (HSC) AND OTHER 
CONTRACTILE CELLS 

The recognition that HSC are provided with contractile properties represents 
a key acquisition in the knowledge of the biology of this cell type 1 . 
Contraction of activated HSC occurs in vitro in response to different vaso- 
constrictors. This experimental evidence is representative of HSC contractile 
status in fibrotic liver, where contraction of activated HSC in response to 
various stimuli may have important implications in the pathogenesis of 
portal hypertension and in the contraction of mature scar tissue. Following 
the demonstration that culture-activated human and rat HSC are able to 
contract in response to different vasoconstrictors 2,3 , the potential involve- 
ment of this cell type in the genesis and progression of portal hypertension 
has been postulated. The presence of a contractile cell type operating in 
liver sinusoids and in developing scar tissue reinforced the concept of a 
dynamic component for the increased intrahepatic resistance in cirrhotic 
liver modifiable by vasodilators 4 . 

The potential consequences of the contractile attitude of HSC are still a 
matter of controversy and some key questions should be addressed for an 
objective assessment of this theme. These include: (1) Do HSC play a role 
in the regulation of sinusoidal tone in normal liver? (2) Do HSC influence 
portal pressure in conditions of developing fibrosis and “capillarization” of 
sinusoids? (3) Do HSC influence portal pressure in cirrhotic liver? 

Although several lines of evidence suggest a role of HSC in the regulation 
of sinusoidal blood flow in normal liver, this issue is still matter of substantial 
controversy. From the morphological standpoint some observations argue 
against the role of HSC in the regulation of sinusoidal blood flow 5 . First, 
in their in-vivo tridimensional disposition HSC do not have a stellate form 
(typical of their aspect in bidimensional culture on plastic) but rather a 
“spider-like” appearance (“arachnocytes”) in respect of their small cell body 
with a series of radiating and parallel slender processes. According to the 
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authors of these observations, cells with this tridimensional disposition are 
not likely to be “contraction-ready”. Additional limitations to effective cell 
contraction are offered by the spatial limitation of the space of Disse, by 
the intracytoplasmic presence of lipid droplets that prevent microfilaments 
from assembly in a long span, and by the ultrastructural evidence of a 
limited development of contractile filaments in quiescent HSC. However, 
recent work from the same group of investigators has highlighted how HSC 
disposed along sinusoidal structures are highly pleomorphic, with morpho- 
logical aspects resembling true myofibroblasts at the periphery of portal 
tracts 6 . It is therefore possible that only a subpopulation of HSC, with 
contraction-ready features, contribute to the regulation of sinusoidal blood 
flow in normal liver. 

Regardless, studies evaluating the hepatic microcirculation by intravital 
microscopy techniques have suggested that HSC could be involved in the 
regulation of sinusoidal tone in normal liver 7,8 . An additional matter of 
debate is provided by studies aimed at estimating HSC contraction with 
techniques able to detect the development of contractile forces in response 
to vasoconstrictors 9 . The results of these studies indicate that the magnitude 
and kinetics of contraction and relaxation are consistent with the hypothesis 
that HSC may affect sinusoidal resistance. However, for understandable 
technical reasons, these data were obtained in rat HSC in primary culture 
7 days after isolation, when a certain degree of activation in culture has 
occurred. In conclusion, although HSC could be proposed as liver-specific 
pericytes by reason of their location, spatial distribution, relationship with 
the peripheral nervous system, and ultrastructural features, no conclusive 
evidence is presently available concerning their role in the regulation of 
sinusoidal blood flow in physiological conditions. 

As stated previously, a remarkable increase in HSC contractile properties 
is likely a key feature of their activated state 2,3,10,11 . At this stage HSC have 
been shown to express a large number of voltage-operated calcium channels, 
the activation of which is associated with an increased intracellular calcium 
concentration followed by marked cell contraction 12 . These changes are 
possibly dependent on intracellular and extracellular factors. First, the tran- 
sition to the “myofibroblast-like” phenotype is ultrastructurally charac- 
terized by the appearance of massive contractile structures including dense 
bodies and patches of myofilaments throughout the cytoplasm. Second, HSC 
activation is accompanied by increased expression of a-SMA (alpha-smooth 
muscle actin), and it is likely that this cytoskeletal protein is, at least in part, 
responsible for increased cell contractility. Interestingly, both pro-fibrogenic 
agents and vasoconstrictors represent potential regulators of the a-SMA 
gene, and, in this context, the transcription factor c-myb has been shown to 
form complexes with a regulatory element of the a-SMA gene, suggesting 
that induction of this gene may be transcriptionally regulated 13 . Among 
“external” factors that could affect HSC contractility, the modified extracel- 
lular matrix (ECM) pattern typical of fibrotic liver is also likely to play an 
important role. The presence of a microenvironment rich in fibrillar ECM, 
and the expression of integrin receptors specific for the constitutive compo- 
nents of this ECM (particularly collagen type I and III) 14,15 , lead to a 
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structural configuration of activated HSC characterized by cytoskeletal ten- 
sion or stress. This feature of activated HSC is likely to be relevant for the 
modulation of different cell functions including proliferation and migration 
in response to growth factors and contraction in response to vasoconstric- 
tors. It is indeed logical to hypothesize that HSC contractile status could 
be conditioned by the presence of vasoactive substances present in the 
microenvironment of hepatic tissue undergoing active fibrogenesis. 

As a consequence of their activated state, HSC contribute to profound 
alteration of the sinusoidal structure during the early stages of hepatic 
fibrogenesis. Capillarized sinusoids are characterized by accumulation of 
fibrillar ECM in the space of Disse. In this context endothelial cells are 
characterized by a loss of their fenestrations, thus acquiring a “generic” 
endothelial cell phenotype (denoted by the positivity for factor VIII). These 
changes are associated with: (a) impairment in the metabolic exchange 
between blood and hepatocytes, (b) impairment in the natural dispersion of 
hydrostatic forces that occurs in the normal sinusoidal sieve. For these 
reasons capillarization of sinusoids is likely to represent an initial cause of 
portal hypertension during the early development of hepatic fibrosis. In 
conditions characterized by portal tract expansion and periportal fibrosis, 
such as chronic viral hepatitis and primary biliary cirrhosis, HSC activation 
occurs in periportal sinusoids, thus contributing to the so-called “early 
presinusoidal resistance locus”. In other conditions, such as chronic alcoholic 
hepatitis and non-alcoholic steatohepatitis, capillarization of sinusoids is 
initially limited to the center of the liver lobule, around the centrilobular 
vein, resulting in obstruction to sinusoidal blood flow. 

It is likely that activated HSC, together with other contractile cells present 
in the liver tissue, play an important role in the development of portal 
hypertension only during initial fibrotic transformation. However, at these 
early stages in the fibrogenic evolution of chronic liver diseases portal 
hypertension is not yet clinically relevant. This is likely due to the substantial 
integrity of hepatic angioarchitecture and to the compensatory adjustments 
occurring at the presinusoidal level in the intrahepatic portal circulation. 

The hallmark of any form of cirrhosis is a profound alteration of the liver 
angioarchitecture with two prominent features: (a) development of septal 
fibrosis establishing portal-central anastomoses, and (b) arterialization and 
capillarization of sinusoids due to both reduction of portal flow and forma- 
tion of “feeding vessels” derived from the hepatic artery. These changes 
per se could be sufficient to explain the increase in portal pressure typical 
of liver cirrhosis 16 . Indeed, portal-central anastomoses, although represent- 
ing direct connections between the portal and the systemic circulation, follow 
irregular patterns and are embedded in a developing scar tissue undergoing, 
to a certain extent, spontaneous retraction. In addition, these neoformed 
vessels could be the site of thrombosis, thus aggravating the intrahepatic 
hemodynamic disturbances 17 . These general alterations are typical of post- 
necrotic cirrhosis. In other types of cirrhosis, additional factors may play a 
role. In alcoholic cirrhosis, compression of hepatic venules by scar tissue 
that develops around the central vein (pericentral fibrosis) and marked 
hepatocellular swelling may aggravate portal hypertension. In primary or 
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secondary biliary cirrhosis, distortion of portal vein branches secondary to 
a progressive portal-portal fibrosis, may represent a “presinusoidal” cause 
of portal hypertension. 

It is very clear that all these potential causes of portal hypertension are 
likely irreversible and not likely affected by pharmacologic intervention. 
Particularly in the case of septal fibrosis, the establishment of portal-central 
anastomoses likely represents a “point of no-return” for the fibrogenic pro- 
cess as the profound derangement of hepatic angioarchitecture causes addi- 
tional liver tissue damage perpetuating and aggravating the fibroproliferative 
process. However, this view bears the same defect of the classic concept of 
fibrosis, considered as a simple deposition of fibrillar extracellular matrix in 
a tissue context. Indeed, the altered angioarchitecture of cirrhotic liver is 
characterized by neoformed venous vessels (i.e. portal-central anastomoses) 
embedded in an actively evolving scar tissue where a complex interplay 
occurs between several cell types and soluble mediators. This new biological 
microenvironment may support the experimental evidence indicating the 
existence of a “reversible” intrahepatic tissue component responsible for 
portal hypertension. Several classes of vasodilators administered in the portal 
vein of cirrhotic rats have been shown to decrease portal pressure and to 
favorably influence microvascular exchange and function 4,18,19 . In agreement 
with the role of activated HSC in the progression of liver fibrosis, their 
topographical distribution, and their biological features, there is no doubt 
that this cellular element may constitute a key element in this context. 
However, several other contractile cell types may contribute to the con- 
traction of the evolving scar tissue typical of cirrhotic liver. In particular, 
while activated HSC may be important at the edge and within cirrhotic 
nodules where sinusoids are capillarized, activated portal myofibroblasts 
and smooth muscle cells, derived from portal arterial vessels, are likely to 
strongly affect the neoformed vascular structures located in the inner part 
of fibrous septa. It should be stressed that all these cell types contribute to 
the progression of liver fibrosis and that no major differences in their 
contractile potential are likely to occur. 

VASOACTIVE AGENTS AS PLEIOTROPIC CYTOKINES IN 
PORTAL HYPERTENSION 

Because of the close relationship occurring between progressive fibrosis and 
portal hypertension, any cytokine shown to be involved in the progression 
of hepatic fibrogenesis (i.e. factors that are mitogenic, chemoattractant or 
able to induce a regulation of genes involved in ECM deposition) could be 
considered important also for the development of portal hypertension 1 . 
However, factors generally defined as “vasoactive” may be provided with 
effects which are not simply limited to cell contraction or relaxation. Indeed, 
many of these factors are characterized by effects on cell functions relevant 
for the progression of fibrosis, and therefore could be regarded as cytokines. 
Several vasoactive agents have been shown to be effective in modulating 
activated HSC contractility in culture. Among other vasoconstrictors, the 
role of endothelin 1 (ET-1) has been particularly highlighted. ET-1, a potent 
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vasoactive 21 -amino-acid peptide secreted by endothelial as well as other 
cell types, has been shown to exert a multifunctional role in a variety of 
tissues and cells 20 , including the liver. 

Endothelins (ET-1, ET-2, and ET-3) bind to G-protein-coupled receptors, 
termed ET A , ET B , and to a still not-well-characterized ET C receptor. The 
ET a receptor binds ET-1 with a higher affinity than ET-3, the ET B receptor 
displays similar affinity for both peptides, and the ET C receptor exhibits a 
higher affinity for ET-3 than ET-1. Activation of ET receptors originates 
intracellular signals leading to differentiation, proliferation, growth inhibi- 
tion, cell contraction and a variety of metabolic effects. However, it is 
increasingly clear that activation of a given ET receptor does not necessarily 
lead to identical biologic effects in different cell types. This intriguing and 
peculiar feature is currently explained in terms of receptor structure, since 
the ET receptor is a typical heptahelical G-protein-coupled receptor. In 
ligand binding to the heptahelical receptor the receptor has two functions, 
i.e. “address” (< address domain: regulates the affinity for the ligand) and 
“message” ( message domain: regulates the activation of different G proteins 
and their downstream effectors). A different part of the ligand structure also 
corresponds to each domain of the receptor. Although ET receptors are 
currently classified according to their affinity for the three known forms of 
ET, it has been proposed that they should be classified according to their 
message domain. Indeed, each Ga protein acts on different target molecules, 
resulting in different responses. In addition, the activation of each Ga protein 
presumably depends on its intracellular level. Therefore, although the same 
ET receptor is activated by the same ligand, the resulting final response may 
be different from cell to cell 21 . This complex organization of ET-related 
intracellular signaling may explain at least some of the discrepancies in the 
biologic effects of this class of peptides reported in the literature. 

Infusion of ET-1 in the isolated perfused rat liver causes a sustained and 
dose-dependent increase in portal pressure associated with increased glycoge- 
nolysis and oxygen consumption 22-24 . ET-1 stimulates glycogenolysis, phos- 
phoinositide turnover and repetitive, sustained intracellular calcium tran- 
sients in isolated rat hepatocytes 25,26 . Other studies indicate that ET-1 may 
also have important interactions with liver non-parenchymal cells. Cultured 
sinusoidal endothelial cells isolated from rat liver have been shown to release 
ET-1 27 , and preferential binding sites for ET-1 have been identified, both in 
vivo and in vitro 28,29 , on HSC. Importantly activated rat and human HSC 
have been shown to express pre-proET-1 mRNA 30,31 and to release ET-1 
in cell supernatants in response to agonists such as angiotensin II, PDGF, 
TGF-(3 and ET-1 itself 31 , thus raising the possibility of a paracrine and 
autocrine action of ET-1 32,33 . Consolidated experimental evidence indicates 
that ET-induced ET-1 synthesis in HSC is regulated through modulation of 
endothelin-converting enzyme- 1 (ECE-1), rather than by modulation of the 
precursor pre-proET-1 34 . Overall, it is increasingly evident that the process 
of HSC activation and phenotypical modulation is characterized by a close 
and complex relationship with the ET system. The ability to synthesize and 
release ET-1 is associated with a progressive shift in the relative predomi- 
nance of ET a and ET B receptors observed during serial subculture: ET A are 
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predominant in the early phases of activation, whereas ET B become increas- 
ingly more abundant in “myofibroblast-like” cells 31,35 . This shift in the 
relative receptor densities may be directed at differentiating the possible 
paracrine and autocrine effects of ET-1 on HSC during the activation 
process. Indeed, when HSC are provided with a majority of ET A receptors 
(early phases of activation), stimulation with ET-1 causes a dose-dependent 
increase in cell growth, ERK activity and expression of c -fos. These effects, 
likely related to the activation of the Ras-ERK pathway, are completely 
blocked by pre-treatment with BQ-123, a specific ET A receptor antagonist 31 , 
and are in agreement with studies performed in other vascular pericytes 
such as glomerular mesangial cells 36 . Conversely, in later stages of activation, 
when the number of ET B receptors increases, ET-1 appears to induce a 
prevalent antiproliferative effect linked to the activation of this receptor 
subtype 37 . In this setting the activation of the ET B receptor stimulates the 
production of prostaglandins, leading to an increase in intracellular cAMP, 
which in turn reduces the activation of both ERK and JNK 38 . In addition, 
both cAMP and prostaglandins up-regulate ET B binding sites, thus suggest- 
ing the possibility of a positive feedback regulatory loop. In this context it 
is important to note that, at least in human HSC, ET-1 -induced cell con- 
traction occurs at any stage of HSC activation 31 . Since HSC contraction is 
always blocked by ET A receptor antagonists, and never reproduced by 
selective ET B agonists, it is conceivable that the signaling pathways regulat- 
ing HSC contraction require the activation of a small number of ET A 
receptors and are somehow divergent from those regulating cell growth. 

In aggregate these observations suggest that ET-1 may act as a potent 
vasoconstrictor agonist regulating intrahepatic blood flow in cirrhotic liver 
with a potential role in the pathogenesis of portal hypertension. Along these 
lines, morphological studies have clearly indicated that ET-1 (both at mRNA 
and protein levels) is markedly overexpressed in different cellular elements 
present within cirrhotic liver tissue, and particularly in sinusoidal endothelial 
and HSC in their activated phenotype located in the sinusoids of the regener- 
ating nodules, at the edges of fibrous septa, and in the ECM embedding 
neoformed vessels within fibrous bands 31 . In addition, clinical studies indi- 
cate that a direct relationship exists between ET receptor mRNA abundance 
and the degree of portal hypertension in cirrhotic patients 39 . The in-vivo 
relevance of the ET system during chronic fibrogenic disorders involving 
liver has been analyzed in animal models of hepatic fibrosis by employing 
pharmacological ET-receptor blockers. The use of mixed ET A /ET B receptor 
blockers yielded conflicting results: Rockey and co-workers reported a sig- 
nificant reduction of ECM accumulation following the administration of 
Bosentan 40 , whereas other investigators reported an increased ECM accumu- 
lation by employing RO 48-5695 41 . Based on the evidence obtained in vitro , 
it is conceivable that the simultaneous inhibition of two receptors mediating 
divergent effects on cell proliferation would likely lead to marginal effects 
on the progression of fibrosis. This interpretation is corroborated by a more 
recent study, performed in the bile duct ligation model, showing a remarkable 
inhibition of ECM accumulation following the administration of the non- 
peptide ET a receptor antagonist LU 13 5 2 52 42 . Indeed, considering in aggre- 
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gate all the potential effects (metabolic, proliferative, antiproliferative, con- 
tractile, etc.) of the ET system in fibrotic liver, it would be reasonable to 
reduce the negative effects of ET-1 (mediated through the ET A receptor), 
maximizing the potentially positive actions (mediated through the ET B recep- 
tor). The observation that ET-1 may exert direct pro-cholestatic effects on 
the biliary tree by inhibiting secretin-stimulated ductal secretion through 
interaction with ET A receptors 43 , further reinforces this view. 

Analogously to what is proposed for ET-1, angiotensin II, vasopressin, 
and thrombin, although generally referred to as “vasoconstrictors”, promote 
pro-fibrogenie actions and are considered pleiotropic cytokines when viewed 
in the context of the chronic wound-healing process. Circulating levels of 
angiotensin II (A-II), a powerful vasoconstrictor, are frequently increased 
in cirrhotic patients, and have been implicated in the circulatory disturbances 
typical of this clinical condition. However, A-II, in addition to its action as 
vasoconstrictor, is provided with biologic properties potentially relevant for 
the progression of chronic fibrogenic disorders. These include increase in 
cell proliferation and cell hypertrophy, and accordingly A-II may be consid- 
ered also as a pleiotropic cytokine. Bataller and co-workers reported that 
activated human HSC express A-II receptors of the ATI subtype, and that 
an increased expression of this type of receptor may represent a feature of 
HSC activation 44 . Stimulation with A-II elicits a marked dose-dependent 
increase in [Ca 2 + ]i concentration associated with rapid cell contraction. 
Moreover, A-II stimulates DNA synthesis and cell growth. The involvement 
of ATI receptors in these effects of A-II is confirmed by their complete 
abrogation following pre-incubation with the ATI receptor antagonist losar- 
tan. Further work by this group of investigators has shown that, upon 
activation, HSC express the components of the renin-angiotensin system 
and synthesize A-II 45 , and that NADPH oxidase mediates the biologic 
actions of A-II on HSC 46 . This in-vitro evidence is largely supported by the 
results of studies performed in animal models. By employing the bile duct 
ligated model, Paiziz and co-workers have demonstrated that the renin- 
angiotensin system, expressed also in normal rat liver, becomes markedly 
up-regulated during the fibrogenic process typical of this model 47 . In addi- 
tion, these authors have shown that A-II type 1 receptor blockade in the 
same experimental model leads to a reduced expression of pro-fibrogenie 
genes 48 . 

Analogous effects on HSC biology have been described for arginine vaso- 
pressin (AYP). Human activated HSC express VI receptors, and stimulation 
with AVP elicits a dose-dependent increase in intracellular [Ca 2+ ]j coupled 
with cell contraction. Moreover, AVP increases ERK activity, DNA synthe- 
sis, and cell growth 49 . 

The serine protease thrombin (THR) regulates platelet aggregation, endo- 
thelial cell activation and other important responses in vascular biology and 
in acute and chronic wound repair. Although THR is a protease, it acts as 
a traditional hormone or as a pleiotropic cytokine based on the nature of 
its receptors, the protease-activated receptors or PAR. PAR are G-protein- 
coupled receptors that use a fascinating mechanism to convert an extracellu- 
lar proteolytic cleavage event into a transmembrane signal: these receptors 
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carry their own ligands, which remain cryptic until unmasked by receptor 
cleavage 50 . Four PAR are known in mouse and human: human PARI, PAR3, 
and PAR4 can be activated by THR, whereas PAR2 is activated by trypsin 
and tryptase as well as by coagulation factors Vila and Xa, but not by 
THR. Studies by Marra and co-workers have shown that expression of 
PARI is markedly increased in chronic fibrogenic disorders involving liver. 
In addition human HSC express PARI, and this expression increases during 
HSC activation 51,52 . Stimulation of human HSC with THR induces cell 
contraction 2 , proliferation 51 , synthesis and release of chemokines such as 
MCP-1 52 , or platelet-activating factor 53 . The signaling mechanisms specifi- 
cally regulating THR action in HSC have not been reported thus far. 

In addition to ET-1, A-II and thrombin, the potential involvement of 
other vasoconstrictors synthesized and released within liver tissue has been 
suggested. Titos and co-workers 54 have recently reported that in cirrhotic 
rat liver there is an increased synthesis of cysteinyl leukotrienes (LT). In 
this context, hepatocytes exhibit the highest ability to generate cysteinyl-LT. 
Importantly, these compounds elicit a strong contractile response in acti- 
vated HSC. Additional studies by the same investigators have demonstrated 
that 5-lipoxygenase inhibition reduces intrahepatic vascular resistance of 
cirrhotic rat livers, thus confirming a pathogenic role of cysteinyl-LT in this 
setting 55 . 

Taken together all these findings reinforce the concept of an imbalance 
between vasoconstrictor and vasodilator agents within the intrahepatic circu- 
lation of cirrhotic liver. Importantly, the concentration of vasoconstrictors 
acting on the intrahepatic microvasculature of cirrhotic liver may increase 
as a consequence of clinical or subclinical events such as infections in the 
peritoneal cavity, which are clearly associated with a worsening of portal 
hypertension and with an increased incidence of variceal bleeding 56 . 
Appropriate use of drugs currently indicated for the treatment of portal 
hypertension 57 should be carefully reconsidered in light of the current knowl- 
edge of the cellular and molecular mechanisms of portal hypertension. 
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Structural changes in the liver 
leading to cirrhosis and portal 
hypertension 

IAN R. WANLESS 



INTRODUCTION 

Portal hypertension is caused primarily by obstruction of the hepatic vascu- 
lature. In cirrhosis, the obstruction involves mostly obliteration of small 
hepatic venules and portal venules. There is a reflex increase in arterial flow 
that contributes to the portal hypertension. It is becoming known that 
cirrhosis is to some degree reversible. This chapter will review the pathogene- 
sis of cirrhosis and its reversal from the perspective of hepatic vascular 
disease. 



DEFINITION OF CIRRHOSIS 

Cirrhosis is a condition defined anatomically as the presence of fibrous septa 
throughout the liver that subdivide the hepatic parenchyma into hepatocellu- 
lar nodules 1,2 . The nature of these fibrous septa is important for an under- 
standing of what this definition really means. Fibrosis is often assumed, 
from this definition, to be the defining material for the progression to 
cirrhosis. Indeed, some staging systems, such as the METAVIR system, grade 
the progression to cirrhosis in terms of a fibrosis score. Attempts to objectify 
this progression in tissue samples have often quantified collagen histochemi- 
cally or chemically. However, it is important to recognize that fibrous septa 
and fibrosis are not equivalent. Fibrosis is the accumulation of collagen and 
related macromolecules. Septa are the product of focal tissue loss, a process 
called parenchymal extinction. 

Examination of the early phase of chronic liver disease reveals that tissue 
loss (parenchymal extinction) is concentrated in small units, generally 
1-2 mm in diameter 1,3 . Areas of tissue loss are seen as collapsed stroma 
flattened into small sheets or discs of connective tissue that are seen in 
section as “septa”. As many of these lesions accumulate they meet adjacent 
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lesions and thus become confluent by the time cirrhosis is easily recognizable. 
Cirrhosis is then said to be “established”. Thus the diagnosis of cirrhosis 
depends on arbitrary quantitative limits. One feature that makes cirrhosis 
recognizable is the curved shape of the fibrous septa. The curved shape is a 
result of unequal tissue growth against the two sides of the collapsed tissue 
disc. This curved shape is not apparent until there are sufficient decrements 
of regenerative activity occasioned by abundant sublethal vascular lesions 
in the surviving tissue. Thus there is regeneration side-by-side with less 
vigorous regeneration or slight atrophy. Extinction lesions that are very 
small, involving only a few hepatocytes, heal rapidly and are not associated 
with apparent deformity of the tissue fabric. Slightly larger lesions, composed 
of a single acinus, are identified by the close approximation of a small 
hepatic vein and its adjacent portal tract. This short septum or “adhesion” 
may sometimes be recognized as fibrous portal tract expansion but with 
serial sections one may find the adjacent obliterated terminal hepatic venule, 
proving the lesion is a collapse lesion. Large extinction lesions may involve 
many acini or even a whole lobe. Large lesions may be recognized by regions 
of closely approximated portal tracts separated only by collapsed stroma 
and fibrosis. 

The mechanism of parenchymal extinction can be deduced from a number 
of diseases in which the pathogenesis can be easily understood, for example 
in congestive heart failure 4 , hepatic vein thrombosis (Budd-Chiari syn- 
drome) 5 , and sarcoidosis 6 . In these conditions, primary injury to the vessels 
is evident, especially the hepatic veins, through thrombosis or phlebitis. 
Obstruction of hepatic veins is particularly injurious because it leads to 
decompensation of the sinusoidal circulation through congestion, hemor- 
rhage into the space of Disse, and eventual atrophy and apoptosis of the 
hepatocytes in the congested regions. Thus extinction occurs by a mechanism 
of ischemia secondary to obstruction of veins and sinusoids (Figure 1). 
Obstruction of portal veins may lead to atrophy but not to extinction, 
because the ischemic insult is compensated by arterial flow and injury to 
the sinusoidal walls is minimal or absent. In most of the frequent chronic 
liver diseases such as fatty liver disease and chronic viral hepatitis, vascular 
obstruction is a result of necroinflammation adjacent to small hepatic veins 7 . 
The veins are damaged as bystanders to the adjacent hepatocellular injury. 

REVERSIBILITY OF CIRRHOSIS 

There is abundant evidence that cirrhosis is at least partially reversible. This 
was demonstrated in a large follow-up study where biopsies showing micro- 
nodular cirrhosis transformed into macronodular cirrhosis or absent cirrho- 
sis when autopsy livers were examined 8 . Individual patients successfully 
treated for hemochromatosis 9 , Wilson disease 10 , autoimmune hepatitis 11 , 
and biliary obstruction 12 were also shown to improve with follow-up biopsy 
examination. Recently, in large trials of antiviral or interferon treatment of 
chronic hepatitis, improved histology has repeatedly been reported 13,14 . 

Nine histologic features attributed to the process of regression were 
described that occurred together in the majority of low-activity cirrhotic 
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Figure 1. 


Cirrhosis ■ 


can be defined as the state 


of the liver after accumulation 


of many lesions 



of parenchymal extinction. The natural history of 3 small parenchymal extinctions is shown 
diagrammatically. Normal acini are shown in (A) and (G). Obstructed veins are shown as black 
circles. In chronic hepatitis (B-F) obliteration of small portal and hepatic veins occurs early 
in response to local inflammatory damage. The supplied parenchyma becomes ischemic, col- 
lapses, and is replaced by fibrosis (B-D). The collapse is accompanied by close approximation 
of adjacent vascular structures (D). Septa are deformed and stretched by unsymmetrical 
regeneration (E). Fibrous septa are resorbed (F), becoming progressively thinner and perforat- 
ing. These septa may disappear or leave residual tags extending from portal tracts. Trapped 
portal structures and hepatic veins are released from the septa and are recognizable as remnants. 
Note the absence of portal veins. In alcoholic disease (G-L), the sequence of events may differ 
from other forms of chronic liver disease. (H) Sinusoidal fibrosis is often prominent prior to 
the development of parenchymal collapse, leading to a pericellular pattern of fibrosis. (I, J) 
Inflammation and fibrosis lead to hepatic and portal vein obliteration with secondary condensa- 
tion of preformed sinusoidal collagen fibers into a septum. (K,L) After prolonged periods of 
inactivity, sinusoidal fibrosis and septa are resorbed. (Modified from Wanless IR, Nakashima 
E, Sherman M. Regression of human cirrhosis. Morphologic features and the genesis of 
incomplete septal cirrhosis. Arch Pathol Lab Med. 2000;124:1599-607, and Wanless IR. 
Physioanatomic considerations. In: Schiff ER, Sorrell MF, Maddrey WC, editors. Schiff’s 
Diseases of the Liver. 9th ed. Philadelphia: Lippincott-Raven; 2003, page 43, with permission). 



livers removed at transplantation 1 (see Figures 1 and 2). These features were 
labeled as the “hepatic repair complex”. One of these features was the 
presence of delicate perforated septa. These septa extend from one portal 
tract to another or to an hepatic vein. Because these septa are very thin 
there is focal continuity between the microcirculation of adjacent cirrhotic 
nodules. These septa were formerly interpreted by many pathologists as 
newly formed septa. However, there is no physiologically likely mechanism 
for these septa to be newly formed because the chronic disease is often 
inactive without necroinflammation and migration of a linear array of fibers 
from one portal tract to another is unlikely to happen. 
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Figure 2. The time course of development and regression of the histologic features of cirrhosis. 
Small regions of fibrosis resorb quickly. Vascular obliteration is less able to return to normal. 
The diagnosis of cirrhosis is easy with biopsies taken close to the periods of activity (time A) 
but may be impossible after years of inactivity (time B). (From Wanless IR, Arch Pathol Lab 
Med. 2000;124:1592-3.) 

Another important feature found in regressing liver disease is the presence 
of remnants of portal tracts and hepatic veins. These are damaged structures 
left behind after they have been released from fibrous septa. Portal tract 
remnants usually lack portal veins and may have an increase in arteries. 
The importance of remnants is that these structures appear to remain in 
tissue long after septa have resorbed and thus identify a liver that was once 
more severely altered. These remnants may also explain residual “non- 
cirrhotic” portal hypertension in patients with such livers 15 . 

LIMITS TO REVERSIBILITY 

The major impediments to the reversibility of cirrhosis are continuing pri- 
mary activity, cholestatic decompensation, secondary thrombosis, and the 
arterialized state of the liver 3 . 

Continuing activity 

The morphology of cirrhosis is determined by the amount of time that has 
elapsed from the onset of parenchymal extinction. If active injury continues, 
new lesions of extinction will coexist with old lesions. If the primary disease 
is inactive and remote, the liver will contain only lesions in late stages of 
repair. Fresh extinction lesions can be recognized by bridging necrosis in 
highly active hepatitis or focal congestion and apoptosis in mild hepatitis. 
Cholestatic decompensation causes progression of the cirrhosis, likely 
through bile salt-induced vascular inflammation. 
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Thrombosis 

Once cirrhosis has developed, the hepatic blood flow is chaotic and sluggish. 
Portal vein flow may be reversed (hepatofugal). In addition, loss of anticoag- 
ulant function and prothrombotic effects of sepsis and cholestasis may 
contribute to the increased risk of thrombosis of the hepatic and portal vein. 
Portal vein thrombosis is found in up to 40% of cirrhotic livers examined 
at transplantation. Thrombosis of medium or large hepatic veins causes 
large regions of extinction to occur, explaining the markedly irregular capsu- 
lar shapes found in a third of livers with late stage cirrhosis 16 . 

Arterialization 

When septa regress, the most visible evidence of cirrhosis disappears so that 
casual observation of a biopsy may suggest a normal liver. However, close 
approximation of portal tracts and hepatic veins can usually be identified if 
sufficient tissue is available for examination. Even in small biopsies, obliter- 
ated small portal and hepatic veins are found. Obliterated portal veins imply 
the tissue is arterialized. 

The importance of arterialization has recently been indicated by a mouse 
model of angiogenesis 17 . In transgene mutated mice, angiopoietin-1 was 
conditionally expressed in hepatocytes. When the gene was active during 
development of the liver, there was marked arterial enlargement with termi- 
nal sprouting of arterioles and secondary dilation of the hepatic veins. 
Interestingly, the terminal portal vein radicles were undeveloped so that the 
distal portal tracts were incomplete, rather similar in form to the portal 
tract remnants seen in regressed human cirrhosis. These phenotypic changes 
were completely reversed within 14 days of turning off transgene expression. 
In particular, the terminal portal venules developed and complete portal 
tracts were present. This model implies that dominance of the arterial tree 
is incompatible with the presence of normal portal veins, possibly because 
of increased pressure in the sinusoids leading to retrograde portal flow and 
thrombosis of these delicate veins. A further implication of this study is that 
therapy to suppress arterial dominance in the human liver might allow 
terminal portal veins to develop after cirrhosis has otherwise regressed. 

STAGING SYSTEMS 

Many staging systems are in wide use, including the METAVIR 18 and 
Ishak 19 systems, applicable for most forms of chronic liver disease, and the 
Scheuer 20 and Ludwig 21 systems for chronic biliary disease. These systems 
vary in the number of categories (0-to-4, 0-to-6, or l-to-4) and the category 
definitions. These systems do not provide categories for the different severi- 
ties of cirrhosis. The Laennec system attempts to standardize staging for all 
chronic liver disease on a scale of 0-4 with cirrhosis being grade 4 
(Table l) 3,22 . An extension divides cirrhosis into subgrades 4A, 4B, and 4C, 
in recognition of the variable severity among cirrhotic livers. The definitions 
of each grade are based on the number and width of fibrous septa. This 
simplification decreases the opportunity for interobserver variation. The 
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Table 1 . Laennec scoring system for grading fibrosis in liver biopsies 



Grade Name 


Criteria: 
septa 
( thickness 
and number) 


Descriptive examples 


0 


No definite fibrosis 






1 


Minimal fibrosis 


+ /- 


No septa or rare thin septum, may have portal 
expansion or mild sinusoidal fibrosis 


2 


Mild fibrosis 


+ 


Occasional thin septa. May have portal expansion 
or mild sinusoidal fibrosis 


3 


Moderate fibrosis 


+ + 


Moderate thin septa, up to incomplete cirrhosis 


4A 


Cirrhosis, mild, 
definite or probable 


+ + + 


Marked septation with rounded contours or visible 
nodules. Most septa are thin (one broad septum 
allowed) 


4B 


Moderate cirrhosis 


+ + + + 


At least two broad septa, but no very broad septa 
and less than half of biopsy length composed of 
minute nodules 


4C 


Severe cirrhosis 


+ + + + + 


At least one very broad septum or more than half 
of biopsy length composed of minute nodules 
(micronodular cirrhosis) 



From reference 2, with permission. 



expanded scale allows quantification of changes with time in patients with 
cirrhosis. As with other systems, the Laennec system also reports grade of 
activity on a scale of 0-4, as well as noting etiology-specific features. 

Regressed cirrhosis may have no septa but detection of obliterated veins 
distinguishes the biopsy from normal (Figure 2). Immunostain for CD34 
may detect arterialized sinusoids that would otherwise appear normal. 
However, another strategy is to quantitate the venous obliteration by count- 
ing the patent portal and hepatic veins and the arteries and expressing the 
data as total number of patent veins divided by the number of arteries (VA 
ratio) 23 . In cirrhosis the veins are reduced and the arteries are increased. 
This ratio does not return to normal during regression of cirrhosis. Thus 
the VA ratio is an expression of past chronic liver disease or cirrhosis even 
after fibrous septa have been resorbed and cirrhosis can no longer be 
diagnosed by classic histologic features. This ratio is a necessary supplement 
to other systems to allow proper assessment of highly regressed chronic 
liver disease. 
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Pathophysiology: increased 
resistance and increased blood 
flow 
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The paradox: vasoconstriction and 
vasodilation 
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INTRODUCTION 

One of the most typical characteristics observed in patients with chronic 
liver diseases is the progressive alteration of the body’s homeostatic mecha- 
nisms. Electrolyte imbalances, impaired oxygenation and ventilation, as well 
as abnormalities in vascular tone, are among some of the altered homeostatic 
functions observed in these patients 1 . Nitric oxide (NO), a key molecule 
that regulates vascular tone, plays a major role in the pathogenesis of the 
hyperdynamic circulatory syndrome observed in portal hypertension in liver 
diseases. NO is paradoxically regulated in portal hypertension (Figure 1). 



Intrahepatic Circulation 




Figure 1 . Paradoxical regulation of nitric oxide (NO) in portal hypertension. There is a deficit 
in NO production in the intrahepatic circulation, which increases vascular resistance in the 
liver. In contrast there is an excessive production of NO in the arteries of the systemic and 
splanchnic circulation, which is associated with vasodilation 
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There is excessive production of NO in the splanchnic circulation (thereby 
leading to vasodilation), while in the intrahepatic microcirculation a deficit 
of NO production is associated with increased intrahepatic vascular resis- 
tance. Both the hyperdynamic splanchnic circulation and increased intrahep- 
atic vascular resistance contribute to the development and progression of 
portal hypertension 1-3 . This chapter will discuss mechanisms of hemody- 
namic abnormalities observed in the systemic and splanchnic arterial circula- 
tion (vasodilation) and intrahepatic circulation (vasoconstriction) in portal 
hypertension in liver diseases. 

VASODILATION IN THE SPLANCHNIC AND SYSTEM ARTERIAL 
CIRCULATION 

A hyperdynamic splanchnic and systemic circulatory state is typical of 
cirrhotic patients and has been observed in all experimental forms of portal 
hypertension. Its presence is associated with extensive portal-systemic shunt- 
ing and/or hepatic failure, and contributes to the severity of portal hyperten- 
sion and to other manifestations of chronic liver disease. The hyperdynamic 
circulation is most likely initiated by vasodilation, which leads to central 
hypovolemia, sodium retention and an increased intravascular volume. The 
combination of vasodilation and an expanded intravascular volume is neces- 
sary for the full expression of the hyperdynamic state. The excessive NO 
production and arterial vasodilation play a central role in the hyperdynamic 
circulatory state in patients with liver cirrhosis and in animal models of 
portal hypertension instituted via portal vein ligation. NO is synthesized in 
mammalian cells, as a by-product of the reaction converting L-arginine to 
L-citrulline 4 , by a family of three NOS: constitutively expressed isoforms, 
eNOS and neuronal NOS (nNOS), and inducible NOS (iNOS). It has been 
shown that up-regulation of eNOS in the splanchnic beds is responsible for 
the overproduction of NO, thus contributing to chronic vasodilation. The 
initial eNOS activation may be due to the early vasoconstriction (i.e. myo- 
genic response) in the arteries of splanchnic vasculature, which is induced 
by an increase in portal pressure and the subsequent increase in shear stress 5 . 
The phosphorylation of eNOS by Akt/protein kinase B activation may play 
at least in part a role in the early activation of eNOS and subsequent NO 
production in these vasculatures 6 . 

Physiological significance 

Systemic and splanchnic arterial vasodilation and chronic elevations in 
systemic and splanchnic blood flow have been observed in humans and 
laboratory animals with portal hypertension. Peripheral vasodilation initi- 
ates the development of the classic profile of decreased systemic vascular 
resistance and mean arterial pressure, plasma volume expansion, elevated 
splanchnic blood flow, and elevated cardiac index. Collectively, these condi- 
tions most likely initiate the hyperdynamic circulatory state, which leads to 
central hypovolemia, sodium retention and an increase in intravascular 
volume. The combination of vasodilation and an expanded intravascular 
volume is necessary for the full expression of the hyperdynamic circulatory 
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state. The hyperdynamic circulation manifests in patients with warm, well- 
perfused extremities, bounding pulses, and rapid heart rate, as well as a high 
cardiac index and expanded blood volume. Hyperkinetic blood flow is 
present in the splanchnic as well as systemic circulation with flow to the 
intestines, stomach, spleen, and pancreas increased by approximately 50% 
above control values. The well-known increase in blood flow through the 
splanchnic organs draining into the portal venous system is a major contrib- 
uting factor for maintenance and aggravation of portal hypertension 1 . 

eNOS is the main enzymatic source of vascular NO 
overproduction 

Nitric oxide, an endothelial-derived relaxing factor, is a key player in the 
etiology of the hyperdynamic circulatory syndrome in portal hypertension. 
The main enzymatic source of this vascular NO overproduction in the 
splanchnic arterial circulation has been identified as the endothelial nitric 
oxide synthase (eNOS). This was evidenced by markedly increased eNOS 
protein expression 7 , enhanced eNOS activity 6,8-10 , as well as augmented 
endothelial NO release in response to flow and shear stress 11 in superior 
mesenteric arteries of portal hypertensive animals. Normally, NOS present 
in the vascular endothelium is the constitutive, calcium-dependent eNOS 
that produces NO transiently in response to physical stimuli, such as an 
increase in shear stress mediated by blood flow or pressure. The response 
to shear stress is a unique function of eNOS 12,13 . Knowing that the chronic 
increases in blood flow induce up-regulation of eNOS, this increase in eNOS- 
derived NO production could easily be explained as chronic adaptation of 
the endothelium in response to chronically elevated splanchnic blood flow 
in portal hypertension. 

An important co-factor for eNOS activity is tetrahydrobiopterin (BH 4 ). 
In cirrhotic rats with bacterial translocation we have observed 14 a significant 
increase in eNOS activity and eNOS-derived NO overproduction in the 
mesenteric arterial bed being accompanied by a concomitant increase in 
BH 4 . BH 4 is an essential and rate-limiting co-factor for NO formation and 
can directly increase eNOS-derived NO bioavailability 15 . This has been 
demonstrated in cultured human endothelial cells, isolated rat aortas and 
human primordial placenta. Furthermore, BH 4 has been shown to induce 
NO-mediated vasorelaxation in various arterial vascular beds and species 15 . 

nNOS and iNOS 

A recent in-vivo study showed that nNOS plays a role in the hyperdynamic 
circulation in experimental cirrhosis 16 . nNOS was initially found in the 
neuron and has also been found in skeletal muscle and vascular smooth 
muscle 17,18 , which constitutively produces NO in response to fluid flow 18,19 . 
This may suggest that nNOS plays a role in vasomotor control. We observed 
that an nNOS inhibitor normalizes contractile response to methoxamine in 
endothelium-removed mesenteric arteries isolated from portal hypertensive 
rats. In contrast, in the presence of endothelial cells there is no effect of the 
nNOS inhibitor, suggesting that the possible hemodynamic effects induced 
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by nNOS are not seen as long as eNOS is up-regulated, although nNOS 
may contribute to increased vasodilation observed in portal hypertensive 
animals to some extent. The iNOS is synthesized de novo in macrophages, 
vascular smooth muscle cells, hepatic stellate cells, hepatocytes, and many 
others only after induction by endotoxin lipopolysaccharides and inflamma- 
tory cytokines 20 . Interestingly, despite the presence of bacterial translocation 
and endotoxemia in cirrhosis, iNOS is not detected in the splanchnic arterial 
vasculature in either portal vein ligated or cirrhotic rats 7,9,21 

The mechanism of the early eNOS induction 

What is the mechanism that initiates the splanchnic arterial vasodilation in 
portal hypertension? A recent study from our group suggests that vasocon- 
striction in superior mesenteric artery that occurs immediately after an 
increase in portal pressure may trigger the up-regulation of eNOS enzyme 
activity 5 . We speculate that this vasoconstriction is probably a myogenic 
reflex triggered by an increase in portal pressure, resulting in an increase in 
shear stress and subsequent up-regulation of eNOS activity in superior 
mesenteric artery. This increase in eNOS activity is sustained along the early 
course of portal hypertension induced by portal vein constriction and pre- 
cedes vasodilation, plasma volume expansion, portosystemic shunting and 
the hyperdynamic circulation. Mesenteric vasoconstriction, the first hemody- 
namic event after the induction of portal hypertension, may trigger eNOS 
up-regulation in the superior mesenteric artery of portal hypertensive rats. 
In a separate study we found that Akt (protein kinase B) is up-regulated in 
the superior mesenteric artery of early portal hypertension, and that eNOS 
phosphorylation by activated Akt is involved in early activation of eNOS 
enzyme activity 6 . Collectively, these observations may suggest that an 
increase in portal pressure triggers vasoconstriction and a subsequent 
increase in shear stress in arteries of the splanchnic circulation, which acti- 
vates Akt and phosphorylation of eNOS. These series of events, at least in 
part, may contribute to the initial up-regulation of eNOS in portal 
hypertension. 

Mediators of the splanchnic arterial vasodilation 

Tumor necrosis factor alpha ( TNF-a ) 

TNF-a, produced by mononuclear cells on activation by bacterial endotox- 
ins, is found in increased levels in portal hypertension 22,23 and is a well- 
known mediator of NO release 24 . Antagonism of TNF-a with anti-TNF-a 
antibody, or inhibition of TNF-a synthesis by thalidomide, blunts the devel- 
opment of the hyperdynamic circulation in prehepatic portal hypertensive 
rats 23,25 . The mechanism of action of TNF-a in portal hypertension in 
cirrhosis still remains to be studied. However, it is suggested that TNF-a 
stimulates gene expression and activity of the key enzyme for regulation of 
BH 4 biosynthesis, GTP-cyclohydrolase I, in endothelial cells 15,26 , and that 
enhanced BH 4 production directly increases eNOS-derived NO bioavailabil- 
ity 26 ’ 27 . Thus, TNF-a can directly increase vascular NO synthesis in absence 
of any induction of iNOS by up-regulating the production of BH 4 (see refs 
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15 and 27). BH 4 was found to be increased in mesenteric vasculature in 
cirrhotic rats only in conditions of bacterial translocation 14,28 . 

Adrenomedullin 

Adrenomedullin is a potent vasodilatory peptide with 52 amino acid residues 
in the human and 50 amino acid residues in the rat. A growing body of 
evidence suggests that it plays an important role in regulating the cardiovas- 
cular response under various pathophysiological conditions, such as liver 
cirrhosis 29,30 and sepsis 31 . In liver cirrhotic patients there is an increase in 
circulating adrenomedullin level 29,30 which was associated with increased 
plasma nitrite (a stable NO metabolite) and plasma volume expansion 30 , 
and was inversely correlated with peripheral resistance. Furthermore, in a 
study using rats, the administration of anti-adrenomedullin antibodies pre- 
vented the occurrence of the hyperdynamic response 32 . Furthermore, intra- 
portal administration of adrenomedullin leads to the development of a 
hyperdynamic circulatory state 31 . Collectively the evidence may suggest a 
role of adrenomedullin in the hyperdynamic circulatory state in portal 
hypertension. 

Adrenomedullin phosphorylates and activates Akt, and increases cGMP 
production in rat aorta, an indicator of NO production 33 . As mentioned 
previously, activated Akt directly phosphorylates and activates eNOS in 
cultured endothelial cells and mesenteric artery isolated from portal hyper- 
tensive animals 6 , suggesting that adrenomedullin-mediated vasorelaxation 
is through the production of NO 33 . The evidence implies the possible role 
of adrenomedullin in the development of the hyperdynamic circulatory state 
observed in portal hypertension. Currently, the role of adrenomedullin in 
the development of hyperdynamic circulatory state is not being studied. 

Endocannabinoids 

Endogenous cannabinoids (or endocannabinoids) is a collective term describ- 
ing a novel class of endogenous lipid ligands, including anandamide (arachi- 
donyl ethanolamide). Cannabinoids, through their binding to the CB1 
receptor, have been shown to undergo pronounced cardiovascular effects, 
including hypotension. It was shown that the endogenous cannabinoid, 
anandamide, is increased in cirrhotic monocytes and that over-activation of 
CB1 receptors within the mesenteric vasculature may well contribute to the 
development of splanchnic vasodilation and portal hypertension. The role 
of the CB1 receptor in cirrhosis was demonstrated by the work of the 
laboratory of George Kunos 34 . The blockade of CB1 receptor by the antago- 
nist SR141716A not only increased mean arterial pressure but also reduced 
mesenteric blood flow in rats with CCl 4 -induced cirrhosis. Importantly, this 
reduction in mesenteric flow translated into a reduction in portal pressure 
in bile duct-ligated rats, another experimental model of cirrhosis 35 . 
Additional hemodynamic analyses showed a selective loss of anandamide- 
induced hypotension after an intravenous injection into cirrhotic animals, 
presumably due to maximal stimulation of the CB1 receptors in portal 
hypertension. However, in sham rats the hypotensive effect of anandamide 
was markedly attenuated by the NOS inhibitor, suggesting that a significant 
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component of anandamide-CBl -mediated vasodilation is mediated through 
downstream NOS activation and NO production. The comparable effects 
of CB1 receptor blockade and NOS inhibition suggest modulation of 
upstream and downstream sites within a common signaling pathway. The 
evidence suggests the possibility that the anandamide/CBl receptor signaling 
system may provide a novel target for future treatment of portal hypertensive 
complications 34 . 

VASOCONSTRICTION IN THE INTRAHEPATIC 
MICROCIRCULATION 

Morphological change of liver microcirculation due to fibrosis and nodular 
regeneration is the most important mechanism for the increased intrahepatic 
vascular resistance in cirrhosis. Besides this structural alteration in liver 
cirrhosis, increased vascular tone similar to that observed in arterial hyper- 
tension is an important contributor to the increased vascular resistance. 
This is evidenced by the fact that a pharmacological agent can partially 
ameliorate intrahepatic vascular resistance, suggesting that non-structural 
(i.e. functional) abnormalities also play a significant role in the maintenance 
of intrahepatic vascular resistance 1 . Among other factors, a decrease in NO 
production seems to play a major role in increased intrahepatic resis- 
tance 36,37 . Both structural and non-structural factors are contributing to the 
development of portal hypertension. 

eNOS dysfunction in liver cirrhosis 

Endothelial dysfunction and impaired NO production in cirrhotic livers 
seems to be evident despite normal eNOS protein expression 38,39 . 
Interestingly, this reduced NO production is due to the decreased catalytic 
activity of eNOS, although eNOS protein levels are not altered in cirrhotic 
liver. A study from our laboratory showed that this reduced eNOS activity 
was associated with an enhanced interaction with caveolin-1, an inhibitor 
of eNOS activity, and a diminished interaction with calmodulin, an activator 
of eNOS 39 . Interestingly, the expression of caveolin-1 markedly increased in 
sinusoidal endothelial cells of cirrhotic liver. Although the deficit of NO 
seems to play a major role in the enhanced intrahepatic vascular tone in 
liver cirrhosis, a decrease in other vasodilators different from NO could also 
be partly responsible for the increased intrahepatic vascular resistance in 
chronic liver diseases. By using a NOS inhibitor it has been shown that 
about 50% of the impairment in agonist-induced vasorelaxation is mediated 
by NO 39 . What other vasodilators are involved, and to what extent mechan- 
ical components participate in increased vascular resistance in cirrhosis, 
remain to be clarified. 

NO donors and adenovirus delivery of genes to improve 
hepatic NO production 

Nitrovasodilators had been in clinical use as vasorelaxants for years before 
a mechanism of action was uncovered. NO was identified as endothelium- 
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derived relaxing factor in 1987 40 . Since then it has become well established 
that NO is a key factor in the hemodynamic abnormalities associated with 
liver cirrhosis and chronic portal hypertension. Considering the fact that 
NO overproduction is a serious problem in the splanchnic and systemic 
arterial circulation, as mentioned earlier, liver-specific delivery of NO would 
form an important therapeutic approach to reduce resistance in the intrahep- 
atic microcirculation, thereby ameliorating portal hypertension. In this 
regard, several attempts have been made to reduce resistance in the intrahep- 
atic microcirculation. One of these is delivery of the liver-specific NO donor, 
NCX1000; the other is an adenovirus delivery of genes (i.e. NOS, nNOS 
and constitutively active Akt) to the liver to compensate for the lack of 
eNOS function. 

Liver-specific NO donor (NCX- 1 000) 

NCX-1000 is a NO-releasing ursodeoxycholic acid (UDCA)-derived com- 
pound, being capable of releasing NO selectively into the liver circula- 
tion 41-44 . NCX-1000 41 is a stable compound obtained by adding a 
NO-releasing moiety to UDCA. The fact that UDCA is metabolized only 
in the liver makes this drug liver-specific. Fiorucci and collaborators 41 , using 
a rat model of CC1 4 intoxication, have previously shown that co- 
administration of NCX-1000 resulted in both prevention of ascites develop- 
ment and maintenance of a normal portal flow/pressure relationship during 
liver perfusion. In addition, the authors observed a higher liver tissue concen- 
tration of nitrite/nitrate in NCX-1000-treated rats. In their study the effects 
of this NO donor are likely to be related to attenuation in the development 
of cirrhosis rather than to a regression of this condition. Differently from 
these previous studies, we used rats that had already developed cirrhosis 
and portal hypertension to test whether the liver-specific NO donor could 
reverse, at least in part, the hemodynamic disturbances observed in cirrhosis 
without inducing systemic hemodynamic side-effects such as the one 
observed with organic nitrates 41,45,46 . We observed that this liver-specific 
NO donor improves portal system adaptability to additional increases in 
portal blood flow, as seen for example in postprandial hyperemia, and 
decreases the enhanced intrahepatic response to vasoconstrictors in cirrhotic 
rats without causing systemic arterial hypotension. Furthermore, treatment 
with NCX-1000 increased cGMP concentration (an effector of NO), suggest- 
ing that this improvement is probably secondary to an increase in intrahepa- 
tic NO bioavailability 44 . Overall, results suggest that liver-specific NO 
delivery is an effective approach for reducing intrahepatic vascular resistance 
in cirrhosis with portal hypertension. 

Targeted gene delivery 

Besides the NO donor molecules, an attempt has been made to introduce a 
recombinant adenovirus carrying gene encoding eNOS to increase intrahep- 
atic NO production 47 . Delivery of the eNOS gene via tail vein injection 
significantly increased eNOS protein levels and catalytic activity in the liver. 
Overexpression of eNOS reduced baseline perfusion pressure and constric- 
tion in response to methoxamine, an a-adrenergic agonist and vasoconstric- 
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Figure 2. Regulation of vascular tone in liver cirrhosis. The sequence of events is depicted by 
numbers. The modified figure is shown 2 



tor, in perfused liver. Similarly, a study by Yu et al. 48 demonstrated that 
targeting liver with a recombinant adenovirus-carrying gene encoding nNOS 
reduces intrahepatic resistance and portal pressure. An interesting observa- 
tion was also made in a study by Morales-Ruiz et al. 49 which showed that 
an improvement of eNOS function with adenoviral delivery of myr-Akt 
(constitutively active form of Akt) is also an effective approach to increase 
NO production in cirrhotic liver, and more strikingly normalizes portal 
pressure and increases mean arterial pressure in cirrhotic rats with portal 
hypertension. Results from these studies may imply the feasibility of using 
targeted gene delivery approaches to restore vascular tone in the liver. The 
site-specific control of the eNOS system may be a key to the development 
of effective treatment of portal hypertension. 



CONCLUSIONS 

The regulation of vascular tone in liver disease discussed in this chapter is 
summarized in Figure 2. The diverse physiological roles of NO and the 
heterogeneity of liver diseases present a dilemma to the experimental thera- 
pist. On the one hand one would like to increase NO production in the 
liver microcirculation; on the other hand one would like to reduce excessive 
NO production in the systemic and splanchnic circulations. These are diffi- 
cult goals to accomplish unless the intrinsic mechanisms leading to decreased 
hepatic NO and increased splanchnic and systemic production of NO are 
better understood. The development of liver-specific NO donors will be of 
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great importance for optimizing therapy of liver cirrhosis. Restoring NO 
bioavailability in the liver microcirculation may not only reverse the direct 
intrahepatic effects of NO deficiency, but may also prevent the indirect 
implications that are the result of this deficiency and the associated increase 
in intrahepatic vascular resistance, vasodilation and the hyperdynamic circu- 
lation, thereby ameliorating portal hypertension. 
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Nitric-oxide-mediated vasodilation 
and portal hypertension 

R. WIEST 



PATHOPHYSIOLOGICAL IMPORTANCE OF 
ARTERIAL VASODILATION 

Chronic portal hypertension is associated with reduced splanchnic vascular 
arteriolar resistance and increased portal venous inflow. This hyperdynamic 
splanchnic circulatory state is accompanied by a hyperdynamic systemic 
circulation characterized by a low systemic vascular resistance with 
decreased arterial pressure and an increased cardiac output/index and 
regional organ blood flow 1 . Arterial vasodilation represents the initiating 
mechanism and hence, pathophysiological hallmark, in the development of 
this hyperdynamic circulation. It occurs early and most predominantly in 
the splanchnic circulation. Vasodilation can be considered an expression 
of anatomical (portal-systemic collaterals) or functional (liver cell 
necrosis/intrahepatic shunts) liver failure, or both. Thus, it is not surprising 
to find the extent of vasodilation being an excellent prognostic indicator in 
cirrhotic patients 2 . 

NITRIC OXIDE SYNTHESIS AND ITS REGULATION 

Three isoforms of nitric oxide synthase (NOS) have been cloned (Figure l) 3 . 
All isoforms are dimeric, containing a reductase and an oxidase domain. 
NO is produced in a complex set of redox reaction steps, using molecular 
oxygen and the guanidino nitrogen of arginine as the substrates. NADPH 
is utilized as electron donor, and flavin-adenine dinucleotide (FAD), flavin 
mononucleotide (FMN), heme, tetrahydrobiopterin (BH 4 ) and Ca 2+ / 
calmodulin as cofactors 3 . Two distinct but related NOS isoforms, one synthe- 
sized by endothelial cells (eNOS) and the other by neuronal cells (nNOS) 
are expressed constitutively. eNOS releases NO for short periods of time in 
response to several endogenous and exogenous stimulants including physical 
stimuli, such as shear stress. eNOS is stimulated further by receptor-depen- 
dent agonists that increase intracellular calcium and perturb plasma mem- 
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Figure 1 . Nitric oxide synthase (NOS): isoforms and regulation (Wiest et al .) 



brane phospholipid asymmetry. Agonists that stimulate eNOS include 
estrogens, catecholamines, endothelin, angiotensin, thrombin, adenosine- 
5-diphosphate, bradykinin, substance P, and muscarinic agonists (e.g. acetyl- 
choline), 5-hydroxy tryptamine, Ca 2 + -ionophore A23187, arachidonic acid, 
etc. Depolarization of nerve endings activates nNOS and the presence of 
such nNOS-containing perivascular nerves has been demonstrated in numer- 
ous vascular beds and multiple species 4,5 . Functional studies underline the 
importance of these adventitial nNOS-immunoreactive fibers for regulation 
of vascular tone and mediating neurogenic vasodilation by releasing NO 6 . 
The inducible NOS (iNOS) is synthesized de novo in vascular smooth muscle 
cells, macrophages, hepatic stellate cells (HSC), hepatocytes and many others 
after induction by lipopolysaccharides (LPS) and inflammatory cytokines, 
e.g. tumor necrosis factor alpha (TNF-a). Once expressed iNOS synthesizes 
large amounts of NO for extensive periods of time independent of any 
hemodynamic or mechanical stimuli 3 . Besides this classical pathway LPS 
and proinflammatory cytokines can enhance vascular NO overproduction 
via an alternative pathway mediated by tetrahydrobiopterin (BH 4 ) 
(Figure 1). LPS and/or proinflammatory cytokines have been shown 7,8 to 
induce GTP-cyclohydrolase I, the key enzyme regulating the de-novo synthe- 
sis of BH 4 . BH 4 is not only an essential but also rate-limiting co-factor for 
NO formation 17,18 and can directly increase eNOS-derived NO bioavailabil- 
ity 18,19 . Furthermore, BH 4 has been shown to induce NO-mediated vaso- 
relaxation in various arterial vascular beds and species 20,22,23 . 
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The mechanisms by which NO mediates arterial vasodilation are multiple. 
Reaction with its classical “receptor”-soluble guanylate cyclase, binding at 
the prosthetic heme moiety, activates the enzyme that catalyzes the conver- 
sion of guanosine 5 '-triphosphate (GTP) to cyclic guanosine 3 '-5 '-monophos- 
phate (cGMP). cGMP produces relaxation of the vascular smooth muscle 
by several mechanisms that basically lead to a reduction of intracellular free 
Ca 2+ concentration. Among those mechanisms are discussed: inhibition of 
Ca 2 + entry through receptor-operated channels, inhibition of inositol-tri- 
phosphate generation, stimulation of intracellular Ca 2+ sequestration, 
increase in K + permeability through K + channels causing membrane hyper- 
polarization, stimulation of membrane Ca 2 + -ATPase or cGMP-dependent 
protein kinase activation that phosphorylates myosin light-chain kinase. 

EVIDENCE FOR NO-MEDIATED VASODILATION IN 
EXPERIMENTAL PORTAL HYPERTENSION 

The importance of NO for arterial vasodilation and associated hemodynamic 
abnormalities stated above is reflected in the finding of almost complete 
normalization of splanchnic hemodynamics by acute administration of a 
non-specific NO synthesis inhibitor 9,10 . Likewise, chronic inactivation of 
overproduced NO by increasing blood hemoglobin - binding and depleting 
NO - attenuates splanchnic vasodilation in portal hypertension 11 . Finally, 
titrating doses of L-NAME to reduce aortic cGMP concentrations to 
normal, indicating normalization of NO production, in cirrhotic rats with 
ascites was associated with normalization of arterial pressure, cardiac index 
and total vascular resistance 12 . A reduced pressor effect of vasoconstrictive 
substances is a well-documented phenomenon in experimental as well as 
human portal hypertension. This vascular hyporesponsiveness not only rep- 
resents a classical expression of arterial vasodilation but is also interpreted 
as a contributing pathophysiological factor. Impaired vasoconstrictor 
response has been evidenced for norepinephrine, methoxamine, angiotensin, 
endothelin and vasopressin in various vascular beds 13-17 . This vascular 
hyporeactivity was reversed by inhibition of NO synthesis but not by inhibi- 
tion of cyclooxygenase 13,16,18-20 . Moreover, in cirrhotic rats the pressor effect 
of inhibition of NO synthesis was significantly greater than in normal 
animals, suggesting increased activity of endogenous NO 21 . NO also reduces 
resistance in the collateral portal circulation in animals with portal 
hypertension 22,23 . 

SOURCE OF VASCULAR NO OVERPRODUCTION - WHAT 
ISOFORM OF NOS IS INVOLVED? 

Identification of the type of NOS mediating vascular NO overproduction is 
of potential therapeutic importance, because of the recent availability of 
specific or preferential inhibitors of the different NOS isoforms. 

eNOS 

A strong line of evidence demonstrates a major role for eNOS involved in 
vascular NO overproduction in the hyperdynamic circulatory syndrome in 
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chronic portal hypertension. The vascular hyporesponsiveness has been 
localized to the endothelium, since removal of the endothelium corrects this 
general vascular defect 24 . Mesenteric arteries as well as aortae of cirrhotic 
rats contain several-fold more eNOS protein compared with similar vessels 
from normal rats, and the concentration of mRNA is increased likewise 25-27 . 
A similar up-regulation of eNOS has also been demonstrated in the rat 
portal vein ligation (PVL) model, as evidenced by increased eNOS protein 
levels and enhanced Ca 2+ -dependent NOS activity in aortic and mesenteric 
arteries from PVL animals 28-31 . This eNOS up-regulation mediates the 
observed increases in responses to endothelium-dependent vasodilator sub- 
stances such as acetylcholine, which are prevented by inhibition of NO 
synthesis 32 . Finally, direct demonstration of enhanced eNOS-derived NO 
synthesis in the splanchnic vasculature in portal hypertension was shown 
by monitoring endothelial NO release in in-vitro perfused mesenteric arteries. 
Thereby, NO production in response to vasoconstrictors or increases in 
flow/shear stress was markedly elevated in portal hypertensive rats 33-35 . 

nNOS 

Enhanced nerval vasorelaxation has been reported in mesenteric arteries of 
portal hypertensive rats being partly corrected by inhibition of NO synthe- 
sis 36 . In more detail, yet-unpublished personal data demonstrate nNOS 
up-regulation in the splanchnic circulation in PVL rats. nNOS is localized 
to the adventitia of the mesenteric arterial tree, showing more intense staining 
in portal hypertensive as compared to sham rats. Correspondingly, nNOS 
protein expression is markedly increased in mesenteric arteries in portal 
hypertensive animals. Finally, the effect of NO inhibition on nNOS-mediated 
vasorelaxation in in-vitro perfused mesenteric vasculature is significantly 
greater in portal hypertensive than in sham animals, indicating that nNOS- 
derived vascular NO overproduction contributes to arterial vasodilation in 
portal hypertension. Indeed, systemic nNOS inhibition in cirrhotic rats in 
vivo for 1 week, using the selective NO-inhibitor 7-NI, resulted in normaliza- 
tion of systemic vascular resistance, mean arterial pressure and cardiac 
index 37 . 



iNOS 

Since the hypothesis proposed by Vallance and Moncada, that endotoxemia 
of cirrhosis induces vascular iNOS expression leading to NO overproduction 
and arterial vasodilation, multiple independent investigators have failed to 
prove this hypothesis convincingly. No clear iNOS protein could be demon- 
strated in different animal models of portal hypertension, even in the presence 
of bacterial translocation and systemic endotoxinemia 25-27,31 . Moreover, 
inhibition of iNOS with dexamethasone or aminoguanidine could not pre- 
vent the development of the hyperdynamic circulatory syndrome 38,39 , 
arguing against a role of iNOS-dependent NO production in arterial vasodi- 
lation in portal hypertension. 
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TIME RELATIONSHIP OF VASCULAR NO OVERPRODUCTION 
WITH EVOLUTION OF HYPERDYNAMIC CIRCULATION 

Since we know that chronic increases in blood flow induce up-regulation of 
eNOS, increased eNOS-derived NO production could easily be explained 
as a normal adaptation of the endothelium to the splanchnic high-flow state 
and enhanced shear stress being present in portal hypertension. In accor- 
dance with this hypothesis more pronounced vascular NO overproduction 
is observed in cirrhotic rats with ascites as compared to those without 
ascites 31,40 . However, eNOS up-regulation in the mesenteric vasculature 
precedes the development of the hyperdynamic splanchnic circulation in 
portal hypertension 41 . This has been evidenced by investigating PVL animals 
early after PVL. The sequence of events after PVL is characterized by 
vasodilation in non-splanchnic vasculature and vasoconstriction in 
decreased blood flow in the superior mesenteric vessel bed secondary to a 
myogenic reflex induced by the acute increase in portal pressure 42 . On day 
3 after PVL portal hypertensive animals exhibit superior mesenteric arterial 
blood flow as well as total portal venous inflow being no different from that 
in sham rats. Already under such normodynamic conditions increased 
eNOS-derived NO production by the mesenteric vasculature and higher 
eNOS protein levels are observed in portal hypertension 41 . A recent elegant 
investigation could demonstrate enhanced eNOS activity and NO-mediated 
vascular hyporesponsiveness in mesenteric arteries even as early as 10 h after 
induction of severe portal hypertension (20 G stenosis of the portal vein) 43 . 
This eNOS up-regulation appears to be triggered by mesenteric vasoconstric- 
tion, since rats with renal artery ligation exhibiting increased mesenteric 
resistance (but no portal hypertension) also presented with a similar enhance- 
ment in eNOS activity and associated vascular hyporesponsiveness. In 
contrast, portal hypertension per se 9 in the absence of mesenteric vasocon- 
striction - created by low-level stenosis of the portal vein (18 G diameter) - 
was not associated with alterations in vascular responsiveness or eNOS 
activity. Thus, eNOS-mediated vascular NO overproduction is not second- 
ary to chronic increases in flow and shear stress, and may play a primary 
role in the pathogenesis of the hyperdynamic circulation in portal 
hypertension. 



STIMULUS FOR VASCULAR NO OVERPRODUCTION AND 
MECHANISMS INVOLVED 

Despite all the evidence stated for vascular NO overproduction, predomi- 
nantly in the splanchnic circulation, in portal hypertension the mechanism 
behind this NOS up-regulation remains poorly understood. Particularly the 
trigger initiating NOS up-regulation is open to speculations, and remains 
enigmatic due to its apparently vast pathophysiological, and hence clinical, 
relevance. In the model of PVL, in the very early phase of portal hyperten- 
sion, cyclic strain (known to up-regulate eNOS) may represent the mecha- 
nism by which vasoconstriction increases eNOS activity in mesenteric 
arteries. Additionally, hypoxia may play a role, since oxygen tension has 
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Figure 2. A: Perfusion pressure under basal conditions (Base) and during the administration 
of 30 pmol/L and 100 pmol/L of MT (methoxamine) in the in-vitro - perfused superior mesenteric 
vascular bed. *p<0.01 vs. LC, + BT; °p<0.01 vs. control ; 00 p< 0.001 vs. control. B: Relationship 
between in-vitro vascular responsiveness and systemic hemodynamic parameter mean arterial 
pressure (MAP). r= 0.787; p< 0.001 



also been shown to up-regulate eNOS activity. Moreover, receptor-mediated 
activation of eNOS by circulating mediators may also contribute. 
Particularly in advanced stages of cirrhosis and portal hypertension 
increased levels of endotoxins and proinflammatory cytokines have been 
demonstrated 44-46 , and both have been evidenced to enhance endothelial 
NO synthesis by increasing eNOS activity 47 . TNF has also been implicated 
in the development of the HCS, since TNF inhibition ameliorated the HCS 
in PVL rats 46,48 . Endotoxins and TNF are known to be released from the 
gut in conditions of bacterial translocation (BT); BT is a well-characterized 
phenomenon in cirrhosis and thought to be responsible for the development 
of severe spontaneous bacterial infections in cirrhosis. BT has also been 
demonstrated to increase eNOS-derived NO synthesis in mesenteric arteries 
in cirrhosis, leading to an additional impairment in vascular contractility 
(Figure 2A) 49 . Correspondingly, cirrhotic rats with BT presented with lower 
mean arterial pressure, indicating a more severe arterial vasodilation 
(Figure 2B). This was found to be associated with increased GTPCH-I 
activity, the key enzyme for the synthesis of BH 4 , in the mesenteric vascula- 
ture in cirrhotic rats with BT. Both GTPCH-I activity and BH 4 content 
correlated positively with serum NOx levels and mean arterial pressure, 
indicating a major vasodilatory effect and hemodynamic impact of 
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Figure 3. Regression analysis of GTPCH-I activity and serum endotoxin (A) and TNF (B) 
levels 

GTPCH-I up-regulation via enhancement of vascular NO production. 
Moreover, GTPCH-I activity correlated positively with BT-associated 
increases in serum endotoxin and TNF (Figure 3). Considering the known 
stimulatory role of both mediators for GTPCH-I activity these findings 
support the hypothesis that, in advanced cirrhosis, BT and/or infectious 
complications aggravate arterial vasodilation via endotoxin-/TNF-stim- 
ulated GTPCH-I up-regulation and associated increases in BH 4 synthesis, 
leading to a further increase in eNOS-derived vascular NO overproduction. 
However, it is difficult to evidence this hypothesis since GTPCH-I is a 
ubiquitous enzyme and abundantly expressed, and BH 4 , its product, is 
involved in other enzymatic reactions independent from NOS; therefore any 
inhibition of GTPCH-I in vivo may lead to multiple various effects com- 
pletely independent from its impact on NOS. Moreover, inhibitors for 
GTPCH-I have been criticized for being non-specific and inducing multiple 
secondary events independent from its effect on BH 4 . Other candidates that 
potentially contribute to eNOS up-regulation in portal hypertension include 
substance P, estrogen and catecholamines, which have been shown to 
increase eNOS expression and activity and are all known to be increased in 
chronic portal hypertension 50,51 . 

NO AND VASODILATION IN CIRRHOSIS IN HUMANS 

Vascular NO overproduction is also observed in patients with cirrhosis who 
present with increased plasma concentrations of NO and its metabolites 



75 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



(NOx) 45,52-59 . In decompensated patients with ascites higher NOx plasma 
levels have been observed as compared to patients without ascites 45,60 . The 
predominant splanchnic origin of this NO overproduction is reflected in 
higher plasma NOx concentrations in portal venous plasma than in peri- 
pheral venous or arterial plasma 53,58,59 . Moreover, NOS activity in polymor- 
phonuclear cells and monocytes is increased in cirrhotic patients with ascites 
and correlates with the cardiac index 61,62 . Likewise, multiple studies have 
observed correlations between NOx plasma levels and hemodynamic para- 
meters reflecting arterial vasodilation 54,55,58 . In addition, increased nocturnal 
NO production has been reported, and suggested to contribute to hemody- 
namic changes seen in cirrhotic patients at night-time, indicating a potential 
role for the increased risk of variceal bleeding at night-time 55 . However, 
others failed to observe circadian variations in NO production 54 or differ- 
ences in NOx-plasma levels in dependency on the severity of liver disease 
or portal hypertension. 53,57 This discrepancy may well be due to differences 
in study design and patient characterization. Since serum NOx level depends 
strongly on oral intake of exogenous NOx, and is primarily excreted via the 
kidney, its use as a marker of endogenous NO production has to be interpre- 
ted with caution in patients with cirrhosis 56 , particularly in those presenting 
with reduced kidney function. 

More direct evidence for NO-mediated vasodilation in portal hypertensive 
patients comes from studies investigating forearm blood flow and its response 
to NO inhibition. The forearm vasoconstrictor response to l-NMMA is 
greater in cirrhotic patients with ascites than in those without ascites, indicat- 
ing vascular NO overproduction in the former 63 . Also in comparison with 
normal subjects, patients with cirrhosis have been reported to present with 
increased basal forearm blood flow 64 . In addition, cirrhotic patients show a 
more pronounced increase in forearm blood flow in response to metacholine, 
which stimulates endothelial NO production, whereas their response to 
sodium nitroprusside, an endothelium-independent vasodilator, is not 
different from that of the normal subjects 52 . Finally, enhanced NOS activity 
has been demonstrated in the splanchnic vasculature of cirrhotic patients 
undergoing liver transplantation as compared to healthy controls (liver 
donors) 65 . Highly significant correlations were observed between hepatic 
artery NOS activity and cardiac output, as well as portal blood flow, 
supporting the concept of vascular NO overproduction contributing essen- 
tially to the hyperdynamic state in those cirrhotic patients. 

Acute inhibition of NO synthesis in cirrhotic patients has been demon- 
strated to increase blood pressure and systemic vascular resistance, as well 
as reducing cardiac index; hence correcting the hyperdynamic circulation at 
least partly 66-69 . However, no change in portal venous pressure could be 
detected 66,68 which may reflect a simultaneous reduction in splanchnic arte- 
rial blood flow and increase in intrahepatic portal venous resistance 70,71 . 
Moreover, results of acute NO blockade on renal function in cirrhotic 
patients are controversial 67-69 . This may well relate to differences in the 
severity of liver disease and renal function in patients studied at basal 
conditions, but also to duration and continuity of drug administration. Most 
likely, acute inhibition of NO-synthesis (< 3 h) is not long enough to induce 
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sustained changes in the circulatory system reversing the enhanced release 
of vasoconstrictor mediating renal vasoconstriction and sodium and water 
retention. Therefore, further studies evaluating the role of chronic NO inhibi- 
tion are clearly needed in humans, in order to develop a new approach to 
the management of circulatory and renal dysfunction in patients with 
cirrhosis. 
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Impaired vasodilation in cirrhotic 
livers 

MAURICIO R. LOUREIRO-SILVA 
and ROBERTO J. GROSZMANN 



INTRODUCTION 

Similarly to other vascular systems, the intrahepatic circulation has an 
intrinsic mechanism of vascular tone control. In addition to humoral and 
neural factors intrahepatic vascular tone is modulated by local production 
of vasoactive substances with autocrine and paracrine effects. Although 
different liver cells are able to produce vasoactive substances that can 
modulate intrahepatic vascular tone, endothelial cells play a central role in 
this function. Interposed between the lumen and the contractile elements of 
the vessel wall, endothelial cells react to different intraluminal stimuli releas- 
ing vasoconstrictor and vasodilator substances to adjust vascular tone to a 
particular situation 1 . 

Although anatomical abnormalities are the main cause of increased vascu- 
lar resistance in cirrhotic livers, an enhanced intrahepatic vascular tone has 
been demonstrated in cirrhotic patients 2,3 and cirrhotic rats 4 . Decreased 
availability of vasodilators 5-9 , increased production of vasoconstrictors 10,11 , 
and increased endothelin receptor density 12 are major functional intrinsic 
mechanisms that generate an imbalance between vasoconstrictor and vasodi- 
lator forces, causing the increased intrahepatic vascular tone observed in 
cirrhosis. Although the liver produces different vasodilator substances, only 
nitric oxide (NO) production was shown to be impaired in cirrhotic livers. 

NITRIC OXIDE (NO) MODULATES INTRAHEPATIC 
VASCULAR TONE 

Among the endothelial-derived vasodilators, NO plays a central role in the 
intrinsic vascular tone control in different vascular beds 13-15 including the 
intrahepatic circulation 16,17 . Because of its importance in health and disease 
the regulation of NO synthesis has been studied extensively 18 . Most of the 
information regarding the role of NO on intrinsic intrahepatic vascular tone 
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control came from studies using rat liver perfusion as an experimental model. 
The availability of specific NO synthase inhibitors and NO donor com- 
pounds was essential to uncover the hemodynamic effect of this vasodilator 
in the liver circulation. 

Using rat liver perfusion as an experimental model, Mittal and collabora- 
tors showed that the presence of the NO synthase blocker iVco-nitro-L- 
arginine (NNA) in the perfusate increased the vasoconstrictive response of 
the intrahepatic circulation to norepinephrine 16 , suggesting that NO modu- 
lates vascular tone in normal livers. Later, this result was confirmed using 
different vasoconstrictors such as angiotensin II, endothelin-1 (authors’ 
unpublished data), and methoxamine (specific a r adrenergic agonist) 19 or 
vasoconstrictive doses of bradykinin 17 . 

Additional studies reinforced the conclusion that NO modulates intrahep- 
atic vascular tone control. Acetylcholine caused vasodilation of precon- 
stricted (methoxamine) perfused livers, an effect that was significantly 
decreased by the presence of NNA 5 . Liver perfusion performed in a recircu- 
lating mode was shown to cause accumulation of the NO end-products in 
the perfusate, indicating the presence of intrahepatic NO production stim- 
ulated by shear stress, one of the most potent stimuli of endothelial NO 
production. As expected, this NO production was significantly reduced by 
preincubation in the presence of NNA 5 . Liver endothelial cells in culture 
were also shown to produce NO in response to shear stress 20 . 

NITRIC OXIDE PRODUCTION IS DECREASED IN 
CIRRHOTIC LIVERS 

As mentioned above, an increased vascular tone is a significant component 
of the increased intrahepatic vascular resistance in cirrhosis. In studies 
performed in isolated perfused cirrhotic livers the greatest reduction in portal 
pressure by vasodilator compounds was observed after infusion of the NO 
donor sodium nitroprusside 4 . Shear stress-induced NO production and ace- 
tylcholine-induced vasodilation were shown to be severely impaired in cir- 
rhotic livers 5 . 

Shah and collaborators have shown that, although the expression of 
endothelial NO synthase in cirrhotic livers was similar to the expression in 
normal livers, the activity of this enzyme was significantly reduced in cir- 
rhotic livers previously treated with carbon tetrachloride. This deficient 
activity was associated with increased protein levels of caveolin-1 and an 
increased binding of eNOS to caveolin-1, probably preventing the binding 
of the enzyme to calmodulin and its consequent activation 7 . Later, this 
mechanism of NO production impairment was also observed in bile duct- 
ligated rats, a model of liver fibrosis with cholestasis 21 . 

LOCALIZATION OF THE NO HEMODYNAMIC EFFECTS 
IN THE LIVER 

Recently we have developed a modified rat liver perfusion model in which 
not only the perfusion pressure but also the sinusoidal pressure is measured 
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♦ cirrhotic, NTG 
A cirrhotic, SNAP 

• normal, NTG 
O normal, SNAP 



Figure 1 . Vasorelaxation induced by nitroglycerin (NTG) and S-nitroso-A-acetylpenicillamine 
(SNAP) in normal and cirrhotic rat livers after preconstriction with methoxamine (1(T 4 M) 
during liver perfusion. SNAP and NTG promoted similar vasorelaxant responses in normal 
livers ( p = 0.435); in cirrhotic livers, SNAP produced a greater relaxation than NTG ( p < 0.001). 
Both SNAP (p < 0.001) and NTG (p = 0.002) induced a greater vasorelaxation in normal livers 
than in cirrhotic livers 23 . Comparison: repeated measures ANOVA (from Dudenhoefer et ai, 
2002 23 , with permission) 



during the experiment 19 . Using this innovative experimental model we 
observed that, normally, NO modulates the vascular tone in the presinu- 
soidal, sinusoidal, and postsinusoidal segments of the intrahepatic circula- 
tion. In addition we observed that, in cirrhotic livers, NO production is 
preserved in the presinusoidal area but severely impaired in the sinusoidal 
and postsinusoidal areas 19 . 



DELIVERING NO TO THE LIVER 

Nitrates have been used with success for treating different cardiovascular 
conditions. However, for different reasons, nitrates are not so efficient in 
treating portal hypertension in cirrhotic patients 22 . We studied the vasodila- 
tion induced by nitroglycerin (NTG, a nitrate) and S-nitroso-iV-acetylpenicil- 
lamine (SNAP) in normal and cirrhotic rat livers (Figure I) 23 . Differently 
from the spontaneous NO donor SNAP, NTG requires bioactivation to 
cause its vasodilatory effect 24,25 . We observed that NTG caused less vasodila- 
tion in cirrhotic livers than in normal livers, indicating that its bioactivation 
is impaired in this condition. This may explain, at least in part, the poor 
response to nitrates among cirrhotic patients. 

In cirrhotic livers SNAP caused more vasodilation than NTG. However, 
the vasodilation induced by SNAP was still less in cirrhotic livers than in 
normal livers. This indicates that, in addition to a decreased NO production, 
a decreased response to NO is also involved in the development of the 
increased vascular tone observed in cirrhotic livers. A decreased vascular 
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A NCX-1000 
(n = 9) 

UDCA 
(n = 9) 



Figure 2. Dose-response curve induced by methoxamine during perfusion of livers from 
cirrhotic rats previously treated with NCX-1000 or ursodeoxycholic acid (UDCA; control) 32 . 
Comparison: repeated measures ANOVA (from Loureiro-Silva et al , 2003 32 , with permission) 



response to NO in cirrhotic livers could be caused by: (a) increased NO 
inactivation by superoxide anion, a product of oxidative stress; (b) dysfunc- 
tion of the cGMP cascade, an enzymatic system that mediates NO-induced 
vasorelaxation; and (c) dysfunction of cGMP-independent mechanisms of 
NO-induced vasorelaxation. 

Physical impairment of NO diffusion through structurally changed vessel 
walls could also be involved in the impaired vascular response to NO in 
cirrhotic livers. The intrahepatic vascular permeability, particularly to high 
molecular- weight molecules such as albumin (FW 66000), is decreased in 
cirrhotic livers 26,27 . However, small molecules such as water and sucrose 
(FW 342.3) have a normal diffusion from the intravascular to the extravascu- 
lar space in CCl 4 -induced cirrhotic livers 27 , practically ruling out a physical 
impairment to NO (FW 30) diffusion in this condition. An altered redox 
status, however, may impose an important spatial range constraint to NO 
because of its high reactivity 28 . 

Portal hypertension in cirrhosis is frequently associated with the develop- 
ment of splanchnic and systemic vasodilation, which is, at least in part, 
mediated by an overproduction of NO 29-31 . The use of liver-specific NO 
donors would replenish the intrahepatic circulation with NO, reducing 
intrahepatic vascular resistance without causing arterial hypotension. 
NCX-1000, an ursodeoxycholic derivative, was designed to deliver NO 
exclusively to the liver. 

We observed that, during liver perfusion, this compound was able to 
significantly reduce the hyper-responsiveness of cirrhotic rat livers to meth- 
oxamine (Figure 2). In vivo , NCX-1000 abolished the portal pressure increase 
induced by increase in portal blood flow observed in cirrhotic rats (Figure 3). 
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Figure 3. Mean arterial pressure (MAP), superior mesenteric artery (SMA) blood flow, and 
portal pressure (PP) in-vivo measurements during blood infusion in cirrhotic rats previously 
treated with NCX-1000 or ursodeoxycholic acid (UDCA) 32 ; b.w.: body weight. Comparison: 
two-way ANOVA (from Loureiro-Silva et ai, 20 03 32 , with permission) 
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These beneficial hemodynamic effects of NCX-1000 were associated with an 
increased cGMP concentration in cirrhotic liver tissue 32 . 



CARBON MONOXIDE 

Carbon monoxide (CO) is a co-product of the degradation of protoheme 
IX to biliverdin by heme oxygenases. Similarly to NO, it activates guanylyl 
cyclase, increasing the production of cGMP 33 . Inhibition of heme oxygenase 
activity by protoporphyrin IX was shown to increase perfusion pressure 
during rat liver perfusion, an effect that was further reversed by addition of 
CO to the perfusate 34 . In addition, CO overproduction by induced heme 
oxygenase- 1 caused a reduction in intrahepatic vascular resistance during 
liver perfusion 35 . Taken together, these observations indicate that CO partici- 
pates in intrahepatic vascular tone control. 

Heme oxygenase- 1 activity in liver tissue from cirrhotic patients was 
shown to be higher than in normal liver tissue 36 , suggesting that CO pro- 
duction in cirrhotic livers is not impaired. It has been suggested that 
increased CO production could be involved in decreased production of NO 
in cirrhotic livers 36 . 



PROSTACYCLIN 

Prostacyclin (PGEJ is a potent vasodilator derived from arachidonic acid 
metabolism. It is produced not only by endothelial cells but also by vascular 
smooth muscle cells. FGE 1 causes relaxation by activating adenyl cyclase 
and increasing cAMP production. The same humoral and physical factors 
that are involved in endothelial NO production stimulate the release of 
PGE X (see ref. 37). Using rat liver perfusion, Mittal and collaborators have 
shown that indomethacin (an inhibitor of PGE X production) increases the 
intrahepatic vascular response to norepinephrine only in the presence of the 
NO synthase inhibitor NNA, indicating that PGE X plays a role in intrahepa- 
tic vascular tone control that is secondary to the role of NO 16 . 

Using liver perfusion, Graupera and collaborators have studied the pro- 
duction of prostanoids in normal and cirrhotic livers. They observed 11 that, 
after vasoconstriction induced by methoxamine (a r adrenergic agonist), 
normal and cirrhotic livers produced similar amounts of 6-keto prostaglan- 
din F ls the end metabolite of PGE X . This finding indicates that normal 
livers produce PGE X in response to a hemodynamic challenge, and that this 
production is preserved in cirrhotic livers. However, it does not seem enough 
to compensate for the decreased NO production. 

CONCLUSION 

Among different vasodilator substances involved in intrinsic vascular tone 
control in the intrahepatic circulation, only NO seems to be depleted in 
cirrhotic livers. NO is an important component of intrinsic vascular tone 
control in the intrahepatic circulation. Endothelial dysfunction and a conse- 
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quent deficit in NO production play a major role in the development of an 
increased intrahepatic vascular tone in cirrhotic livers. This deficit in NO 
production is located in both the sinusoidal and postsinusoidal areas. 
Although the cirrhotic liver has an impaired response to NO, the use of 
liver-specific NO donors is effective in improving the intrahepatic hemody- 
namic abnormalities observed in cirrhosis. 
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10 

Enhanced release of 
vasoconstrictors 

JUAN CARLOS GARCIA-PAGAN 



INCREASED INTRAHEPATIC VASCULAR RESISTANCE 

Increased resistance to portal blood flow is the primary factor in the patho- 
physiology of portal hypertension, and may occur at any site within the 
portal venous system. In cirrhosis, increased intrahepatic vascular resistance 
is the consequence of the distortion of the liver vascular architecture caused 
by fibrosis, scarring and nodule formation. Careful pathological studies have 
suggested that thrombosis of medium and small portal and hepatic veins 
occurs frequently in cirrhosis, and that these events may be important in 
causing further progression of cirrhosis and worsening portal hypertension 1 . 
In addition, the active contraction, in response to several agonists, of different 
contractile cell types in the liver promotes a further increase in intrahepatic 
resistance 2 . It has been claimed that this dynamic and reversible component 
may represent up to 40% of the increased intrahepatic vascular resistance 
in cirrhosis. 

Contractile elements influencing the hepatic vascular bed can be located 
at sinusoidal as well as at extrasinusoidal levels 3,4 . These elements include 
vascular smooth muscle cells of the intrahepatic vasculature (i.e. small portal 
venules in portal areas) 5 and activated hepatic stellate cells (HSC), that are 
pericyte cells located in the perisinusoidal space of Disse with extensions 
that wrap around the sinusoids, and reduce its caliber after contraction 3,4 . 
Contraction of hepatic myofibroblasts, either derived from activated HSC 
or from other cellular sources, by compression of venous shuntings that 
have been shown to be located in the fibrous septa, may also contribute to 
the dynamic increase in intrahepatic vascular resistance. Whatever the loca- 
tion in which they act, it is now clear that vasoactive mediators, either 
vasoconstrictors or vasodilators, may modulate intrahepatic vascular resis- 
tance either in health or liver disease. 

An increased production of vasoconstrictors and an exaggerated response 
of the hepatic vascular bed to some of them are one of the mechanisms that 
have been implicated in the pathogenesis of the dynamic component of 
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Figure 1. Mechanisms involved in the increased hepatic vascular resistance of the cirrhotic liver 



increased intrahepatic resistance of the cirrhotic liver. In addition, the 
defective response of the hepatic vascular bed to endothelium-dependent 
vasodilators, what has been called endothelial dysfunction, is also increasing 
the intrahepatic resistance of the cirrhotic liver. Endothelial dysfunction has 
been empirically attributed to an insufficient release of hepatic vasodilators. 
However, as will be shown later in this chapter, endothelial dysfunction is, 
at least in part, also due to an increased production of hepatic vasoconstric- 
tors (Figure 1). 

INCREASED PRODUCTION/EXAGGERATED RESPONSE OF THE 
HEPATIC VASCULAR BED TO VASOCONSTRICTORS 

An increased activity of several endogenous vasoconstrictors such as endo- 
thelin, norepinephrine, angiotensin II, vasopressin and more recently leuko- 
trienes and thromboxane A2, has been demonstrated in cirrhosis. 
Additionally, an increased vasoconstrictive response of the hepatic vascular 
bed to some of these vasoconstrictors magnifies its role. The next section 
will discuss more deeply the role of this pathophysiological mechanism 
increasing hepatic vascular tone. 

Endothelin 

Endothelin comprises a family of homologous 21 -amino acid peptides (ET-1, 
ET-2, and ET-3). Biological properties of endothelins are mediated essen- 
tially by two major endothelin receptors, endothelin A (ET A ) and endothelin 
B (ET b ) 6 . The role of a presumed type C endothelin receptor (ET C ) has not 
yet been clarified. While the ET A receptor shows a high affinity for ET-1, 
but not ET-3, and mediates constriction, the ET B receptor has equal affinity 
for ET-1 and ET-3 and is considered to mediate dilation and constriction 7 . 
In base to this different effect they have been designated as ET B1 and ET B2 
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respectively 7 . Many patients with liver cirrhosis have increased circulating 
plasma levels of ET-1 and ET-3 8-12 . Although the increase is greater and 
more consistently found in cirrhotic patients with ascites 8,11,12 it is also 
observed in pre-ascitic cirrhotic patients 12 . A net release of ET-1 and ET-3 
during splanchnic passage has been observed in cirrhotic patients, but not 
in control subjects, suggesting an increased production of ET-1 and ET-3 
in the splanchnic territory in liver cirrhosis 10 . Recently, immunostaining 
and in-situ hybridization studies have detected an increased expression of 
ET-1 in cirrhotic human livers 13 . Endothelial cells, HSC in their activated 
phenotype, as well as bile duct epithelial cells, were the major intrahepatic 
sources of ET-1 13 . The exact mechanism promoting such increases is not 
well known; however, cultured HSC stimulated with angiotensin II and 
transforming growth factor beta (TGF-(3) have been shown to increase its 
production of ET-1 13 . Therefore, it is conceivable that in liver cirrhosis these 
and other factors, that are usually increased, may stimulate the production 
of endothelins 13 . A decreased clearance of ET-1 by the liver has also been 
demonstrated in cirrhotic rats 14 . 

ET-1 increases portal pressure in isolated and perfused normal livers. This 
effect is associated with a reduction in sinusoidal diameter, promoted by 
HSC contraction, causing a marked redistribution of sinusoidal blood 
flow 15-17 . ET-3 and Safarotoxin S6C, a specific ET B receptor agonist, also 
increase portal pressure but fail to induce any significant change in sinusoidal 
diameter because of a concomitant increase in NO production due to the 
activation of endothelial ET B receptors 18 . 

ET-1 16,17 and Safarotoxin S6C 17 administration has also been shown to 
increase portal pressure in isolated and perfused CC1 4 cirrhotic livers. A 
slightly increased 17 or blunted 16 portohepatic response to ET-1 has been 
reported in cirrhotic in comparison with normal livers. Safarotoxin S6C has 
been suggested to promote a much greater increase in portal pressure in 
cirrhotic than in normal rats, suggesting a major action of ET B receptors in 
cirrhosis 16 . The role played by HSC in the portohepatic response to vasocon- 
strictors in cirrhosis is unknown. In-vitro studies show that the progressive 
activation and phenotypical modulation of human HSC in culture is associ- 
ated with a progressive transformation from a relative dominion of ET A 
receptors to a relative dominion of ET B receptors 13 . In addition, HSC 
isolated from rats pretreated with CC1 4 for 10 weeks (histologically proven 
cirrhotic rats) exhibited a marked contraction to ET B agonists 16 . It is there- 
fore possible that the marked phenotypical transformation of HSC observed 
in cirrhosis may promote marked changes in the response of these cells to 
different vasoactive agents. In addition one of the postulated origins of the 
myofibroblast located in the fibrous septa of the cirrhotic livers is the 
phenotypical transformation of HSC. It is therefore possible that the con- 
traction of such cells in response to endothelin or other vasoconstrictors 
may play a role in modulating the vascular resistance of cirrhotic livers. 

Endothelin has also been shown to promote the closing of endothelium 
fenestrae in normal rat liver 19 . This may be relevant since the capillarization 
process and occlusion of fenestrae are thought to play a role in increasing 
resistance in cirrhosis. 
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The role of endothelin modulating the increase in sinusoidal resistance in 
cirrhosis is further emphasized by a study in isolated livers showing that 
administration of the ET A and ET B antagonist bosentan produces a slight 
but significant reduction in portal pressure in cirrhotic but not in normal 
livers 16,19 . This, however, is controversial, since no reduction in portal pres- 
sure after endothelin blockade has been shown in other studies 20 . There is 
also controversy regarding the role of each different endothelin receptor 
subtype in the regulation of the increased intrahepatic vascular resistance 
of cirrhotic livers. Different experimental studies have suggested a major 
role of ET a or ET B activation, respectively. However, most studies using 
endothelin antagonists suggest that both types of receptor need to be blocked 
to significantly reduce portal pressure. 

Other vasoconstrictive factors have also been involved in the regulation 
of hepatic vascular tone. Indeed, studies in perfused cirrhotic livers have 
shown that norepinephrine, angiotensin II and vasopressin, three circulating 
vasoactive factors which are usually found to be increased in cirrhosis, are 
also able to increase intrahepatic vascular resistance 21 . The increased resis- 
tance promoted by norepinephrine is completely blunted by the administra- 
tion of a-adrenergic antagonists such as prazosin. This agent by itself 
markedly reduces hepatic resistance and portal pressure in patients with 
cirrhosis. On the other hand, administration of a-adrenergic antagonists, 
such as prazosin, reduces intrahepatic vascular resistance in the perfused 
cirrhotic liver. These data suggest that adrenergic receptors may be involved 
in the regulation of intrahepatic resistance in cirrhosis, and that a-adrenergic 
receptor blockers may have a potential for decreasing portal pressure in 
cirrhosis. 

In addition, the hepatic vascular bed of cirrhotic livers exhibits a vasocon- 
strictor hyperresponse to the a-adrenergic agonist methoxamine. This hyper- 
response is associated with an overproduction of thromboxane A2 (TxA2) 
by the COX-1 isoenzyme and completely corrected by pretreating the livers 
either with COX non-selective blockers, with COX-1, but not with COX-2, 
selective blockers or with TxA2 antagonists. Thus, the coupling of an 
increased production of TxA2 markedly enhances the vasoconstrictive 
response of the cirrhotic hepatic vascular bed to methoxamine 22 . Whether 
this effect is also shared by other vasoconstrictors has not been investigated 
so far; however, it is known that the coupling of different agonists to its 
membrane G-coupled receptors promotes the release of arachidonic acid 
from the plasma membrane, facilitating its metabolization to different 
prostanoids 23,24 . 

Angiotensin II is a powerful vasoconstrictor that may increase hepatic 
resistance. Angiotensin II blockade may reduce portal pressure, but causes 
systemic hypotension 25-27 . 

Cysteinyl-leukotrienes are a group of biologically highly potent vasoactive 
substances derived from arachidonic acid after its oxygenation and dehydra- 
tation by 5-lipoxygenase 28,29 . These substances have also been shown to 
increase intrahepatic vascular resistance in normal and CC1 4 cirrhotic rat 
livers 28 . This response is significantly greater in cirrhotic livers that also 
exhibit an increased eysteinyl-leukotriene production and 5-lipoxygenase 
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mRNA expression 28,30 . In addition, 5-lipoxygenase inhibition produces a 
significant and marked reduction in PP in cirrhotic livers, suggesting that 
5-lipoxygenase-derived eicosanoids contribute to increase hepatic vascular 
resistance in cirrhosis 28 . 

It is clear than an increase in the production, as well as an enhanced 
response to several vasoconstrictors, is involved in the increased vascular 
resistance of cirrhotic livers. This overactivation of vasoconstrictors is not 
counterbalanced by a compensatory activation of the hepatic vasodilatory 
systems, which are even reduced. 

ENDOTHELIAL DYSFUNCTION AND INCREASED PRODUCTION 
OF VASOCONSTRICTOR PROSTANOIDS IN CIRRHOTIC LIVERS 

In normal conditions the endothelium of the hepatic vascular bed, similar 
to what happens in other vascular territories, is able to generate vasodilator 
stimuli in response to increases in blood volume, blood pressure or vasocon- 
strictor agents in an attempt to prevent or attenuate the consequent increase 
in pressure. In several pathological conditions there is an impairment in this 
endothelium-dependent vasodilation that has been named endothelial dys- 
function 31-33 . Endothelial dysfunction is considered one of the main patho- 
logical mechanisms involved in the increased vascular tone observed in 
several vascular disorders such as arterial hypertension, diabetes and athero- 
sclerosis, and has been attributed to a diminished NO bioavailability 32,34 , 
to an increased production of endothelial-derived contracting factors 
(EDCF), such as, PGH 2 /TXA 2 (see refs 33, 35-37), endothelin 38 or anion 
superoxide 39 . 

The hepatic vascular bed of cirrhotic livers also exhibits endothelial dys- 
function 40 ; indeed, studies performed either in patients with cirrhosis or in 
experimental models of cirrhosis have shown that, contrary to what happens 
in normal livers, the cirrhotic liver cannot accommodate the increase in 
portal blood flow caused by the postprandial hyperemia, which determines 
an abrupt postprandial increase in portal pressure 41 . This is important 
because such repeated brisk increases in portal pressure and portal-collateral 
blood flow, in response to meals and other physiological stimuli, is thought 
to be a major determinant of the progressive dilation of the varices in 
patients with cirrhosis 42 . In addition, endothelial dysfunction has been fur- 
ther characterized by showing that the vascular bed of the cirrhotic liver 
exhibits an impaired response to the endothelium-dependent vasodilator 
acetylcholine 40,43 . This impaired response to acetylcholine was shown to be 
associated with an increased production of TxA2, and completely prevented 
by COX-1 selective blockers and by TxA2 antagonists. These results suggest 
that an increased production of a COX- 1 -derived vasoconstrictor prostan- 
oid, probably TxA2, is, at least in part, responsible for endothelial dysfunc- 
tion 43 . Acetylcholine coupling to the endothelial muscarinic M 3 receptor has 
been shown to promote the stimulation of NO synthase as well as COX-1, 
with the subsequent release of NO and vasoconstrictor endoperoxides, 
respectively 31 . In physiological states a vasodilating response is the final 
balance between the interaction of these endothelial vasoactive mediators. 
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However, in cirrhosis - but also in other different pathophysiological situa- 
tions, such as hypertension, diabetes, and arteriosclerosis - there is a pertur- 
bation of this balance, resulting in endothelial dysfunction with the 
consequent impaired response to acetylcholine. All these findings suggest 
that in cirrhotic livers there is over-activation of the COX-1 pathway with 
increased production of their vasoconstrictor-derived compounds. 
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Endogenous cannabinoids and 
circulatory dysfunction in cirrhosis 

WLADIMIRO JIMENEZ and JOSEFA ROS 



INTRODUCTION 

Cirrhosis of the liver is among the most prevalent diseases in Western 
countries. The prognostic expectations for these patients are grim, except 
for those who may benefit from liver transplantation. This is due to the 
multiple organic derangement, including renal failure, variceal bleeding or 
bacterial peritonitis, developed by these individuals 1 . Several clinical and 
experimental studies have demonstrated that the trigger for these distur- 
bances is the existence of an important and progressively accentuated cardio- 
circulatory dysfunction of which portal hypertension, arterial hypotension, 
high cardiac output and diminished systemic vascular resistance are the 
most relevant features 2 . Thus, during the past decade the mechanisms leading 
to decreased arterial pressure and concomitant arterial vasodilation in cir- 
rhosis have been a subject of great interest. Moreover, vasodilation seems 
to be localized in the splanchnic circulation because direct blood flow and/or 
resistive index measurements in skin, skeletal muscle or extremities have 
found normal or even elevated values of these parameters in cirrhotic 
patients 3,4 . Although it is generally believed that increased endothelial pro- 
duction of nitric oxide (NO) by the splanchnic vasculature is of major 
importance in the pathogenesis of this phenomenon 5 , other mechanisms are 
probably implicated. 

Cloning and characterization of central and peripheral specific receptors 
for plant-derived cannabinoids have suggested the existence of endogenously 
produced cannabinoid substances mimicking the properties of these natural 
compounds 6,7 . Several endocannabinoids have been described including 
anandamide, 2-arachydonylglycerol, noladin ether and palmitoylethanolam- 
ide, the former being the most extensively investigated 8 . In addition to 
displaying analgesic, hypothermic and locomotor inhibitory properties, 
endocannabinoids may also deeply affect systemic hemodynamics 9 . 
Exogenous administration of anandamide to anesthetized rats results in a 
transient hypertension followed by a long-lasting hypotension 10 . This vaso- 



97 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



depressor effect is mediated by the interaction of anandamide with a central 
and peripherally located G-protein coupled receptor, namely the CB1 recep- 
tor 11 . CB1 receptor blockade prevents the hypotensive effect of anandam- 
ide 12 , and this substance loses its long-lasting hypotensive effect when given 
to CB1 receptor knockout mice 13 . The CB1 receptor is peripherally located 
in endothelial 14,15 and smooth muscle cells 15,16 and in perivascular nerves 16 . 
Anandamide promotes vasodilation in some particular territories such as 
the lungs and the splanchnic and renal vascular bed 17-19 , and may also 
inhibit contraction, proliferation and migration in human hepatic stellate 
cells 20 . In addition, several investigations have demonstrated that the induc- 
tion of a hemorrhagic shock or the intravenous administration of bacterial 
lipopoly saccharide (LPS) in rats stimulates anandamide production by circu- 
lating blood cells which, in turn, promotes a marked hypotensive effect in 
recipient euvolemic animals 21,22 . 

Anandamide is thought to be produced on demand from the enzymatic 
cleavage of iV-arachydonyl phosphatidylethanolamine by a Ca 2+ -dependent 
iV-acetyltransferase in several cell types including neurons, human umbilical 
vein endothelial cells, neuroblastoma cells, leukocytes, monocytes and 
macrophages 6,23 . It is important to note, however, that endogenous canna- 
binoids do not exert tonic control on arterial pressure in normal conditions, 
since genetically engineered mice lacking the CB1 receptor gene do not show 
alterations in blood pressure 13 . 

Several investigations have recently demonstrated that endocannabinoids 
are involved in the pathogenesis of the cardiovascular dysfunction occurring 
in cirrhosis 24,25 . Systemic administration of a selective CB1 receptor antago- 
nist, SR141716A, increased arterial pressure and total peripheral resistance 
and decreased mesenteric blood flow and portal pressure in cirrhotic rats, 
but not in control rats. These effects were peripherally mediated because 
injection of the antagonist in the fourth cerebral ventricle of both control 
and cirrhotic rats, failed to alter blood pressure. Furthermore, a significant 
reduction in mean arterial pressure was observed in recipient animals in 
response to circulating blood cells of cirrhotic rats, a phenomenon not 
observed when cells were collected from control rats. A remarkably similar 
pattern of cardiovascular behavior was observed in recipient animals in 
response to isolated circulating monocytes of cirrhotic rats with ascites. This 
hypotensive effect induced by isolated monocytes of cirrhotic rats was pre- 
vented by the prior administration of the CB1 -specific receptor antagonist. 
The endocannabinoid system operates in cirrhotic animals not only in resting 
conditions but also after experimentally induced stimulation. Infusion of 
monocytes from hemorrhaged cirrhotic rats resulted in a sharp, long-lasting 
diminution of blood pressure in recipient animals, which was of markedly 
higher intensity than that produced by isolated monocytes of hemorrhaged 
healthy rats. Monocytes of control rats did not contain anandamide, whereas 
detectable amounts of this compound were found in monocytes of cirrhotic 
rats. Since it has been shown that anandamide can elicit arterial hypotension 
through CB1 receptors, it is likely that anandamide mediates, at least in 
part, the hypotension induced by monocytes of cirrhotic rats. Moreover, 
Batkai et al 24 assessed mRNA expression and protein abundance of CB1 
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receptors in endothelial cells isolated from hepatic arteries of normal subjects 
and cirrhotic patients. CB1 receptor mRNA was markedly overexpressed in 
samples from cirrhotic patients. Likewise, binding experiments showed 
increased CB1 receptor abundance in hepatic arteries of cirrhotic patients. 
As to whether this system operates independently from the NO-metabolic 
pathway has not been fully established. Whereas in the study by Batkai 
et al. 24 , NO inhibition with L-NAME prevented the hypotensive effect of 
anandamide in bile duct-ligated cirrhotic rats, in the investigation by Ros 
et al 25 . prior L-NAME treatment did not prevent the decrease in arterial 
pressure produced by the administration of monocytes of cirrhotic rats with 
ascites to recipient control rats. 

More recently, experiments in isolated third-order mesenteric arteries of 
cirrhotic rats 26 with ascites have shown that these vessels display an altered 
and differential response to anandamide. The endocannabinoid induced a 
greater relaxation in mesenteric resistance arteries of cirrhotic rats with 
ascites than in mesenteric arteries of control rats. Since increased circulating 
levels of anandamide have been found in cirrhotic patients 27 , these results 
suggest that the endocannabinoid system may have a greater local vasodila- 
tor activity in the splanchnic circulation under this condition. This distinct 
pattern response was not modified by preincubating the vessels with the 
NO synthase inhibitor, L-NAME, or when the vascular reactivity assays 
were performed in endothelium-denuded vessels, indicating that the effect of 
anandamide in resistance mesenteric arteries is not dependent on functional 
endothelium integrity, and suggesting that endothelium-derived NO does 
not play a major role in this response. The effect of anandamide was selective 
for the mesenteric vessels since no effects were seen when vascular reactivity 
experiments were performed in distal femoral arteries of cirrhotic and con- 
trol rats. 

The presence of CB1 receptor messenger and protein in rat resistance 
mesenteric arteries has recently been demonstrated in our laboratory 28 . 
Indeed, RT-PCR experiments showed higher transcript expression in cir- 
rhotic than in control vessels. Furthermore, no messenger expression was 
detected in femoral arteries, irrespective of whether they were obtained from 
cirrhotic or control rats. The CB1 gene was not only transcribed, but also 
translated, in the mesenteric arteries. Western blot experiments yielded paral- 
lel results to those found in the RT-PCR. In mesenteric arteries the CB1- 
specific antibody recognized the CB1 protein, while in femoral arteries CB1 
protein expression was absent. Moreover, receptor signal intensity was 
higher in protein extracts obtained from mesenteric vessels of cirrhotic 
animals than in those of control animals. CB1 cellular distribution within 
cirrhotic and control mesenteric arteries was also assessed by immunohisto- 
chemistry. Specific CB1 staining was detectable in endothelial and adventitial 
cells. In addition, CB1 receptor immunoreactivity was more intense in the 
adventitial cells of the cirrhotic vessels than in those of controls. This pattern 
of staining is consistent with the increased CB1 mRNA and protein expres- 
sion observed in the cirrhotic arteries, and coincides with those obtained in 
the vascular reactivity assays, thus suggesting a major involvement of the 
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CB1 receptor in the increased vascular responsiveness to anandamide 
detected in the resistance mesenteric arteries of cirrhotic rats. 

Overall, these results indicate that anandamide is an important specific 
splanchnic vasodilator acting predominantly in a non-endothelium-, 
non-NO-dependent manner, a phenomenon not observed in the peripheral 
vasculature and mediated by interaction with CB1 receptors. These findings 
point to the endocannabinoid system as a potentially significant pathogenic 
mediator of the splanchnic arteriolar vasodilation in advanced liver disease. 
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INTRODUCTION 

Recent advances in the knowledge of the pathophysiology of portal hyperten- 
sion show that cirrhotic liver exhibits endothelial dysfunction of sinusoidal 
endothelial cells. This alteration results in a defective or absent vasodilatory 
response to acetylcholine and in insufficient nitric oxide (NO) production 
by endothelial NO synthase in the intrahepatic vascular bed. Such deficient 
NO production increases hepatic vascular tone, and may decrease the intra- 
hepatic vasodilatory adaptive response to sudden increases in blood flow 1-3 . 
Therefore, drugs that deliver NO to the intrahepatic circulation, such as 
nitrates, should be able to compensate for reduced NO generation and 
reduce portal pressure gradient. For this reason vasodilators have been 
studied in recent years as a possible alternative to p-blockers in the pharma- 
cologic treatment of portal hypertension. 

NO-BASED THERAPY FOR THE TREATMENT OF PORTAL 
HYPERTENSION 

Nitrovasodilators were used to treat portal hypertension long before the 
discovery of NO, on account of their capacity to lower portal pressure 4-6 . 
In studies performed in the isolated perfused cirrhotic rat liver, nitroprusside 
was found to cause a significant reduction of perfusion resistance ( 20 - 30 % 
of the increased resistance) 7 . These drugs reduce portal pressure by decreas- 
ing the vascular resistance to portal-collateral blood flow. In some cases an 
additional fall in portal pressure may be promoted because of reflex splanch- 
nic vasoconstriction in response to reduced mean arterial and cardiac filling 
pressures. Long-acting nitrovasodilators, such as isosorbide dinitrate or 
ISMN, have been shown to reduce hepatic venous pressure gradient (HVPG) 
and esophageal variceal pressure 6 . Unfortunately it has recently been demon- 
strated that ISMN does not have any beneficial effect in preventing first 
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variceal bleeding in patients with cirrhosis that cannot be treated with 
(3-blockers. Indeed, it can even promote a slight increase in the risk of 
bleeding 8 . Moreover, a direct correlation exists between the decrease in mean 
arterial pressure and HVPG, suggesting that NO vasodilators lower portal 
pressure mainly through a baroreflex-mediated splanchnic arterial vasocon- 
striction that occurs in response to arterial hypotension 6 . Organic nitrates 
such as nitroglycerin and isosorbide-5-mononitrate are non-liver-specific 
NO donors and cause vasodilation in both arterial and venous vascular 
beds and cause systemic hypotension which, in cirrhotic patients, might 
result in progression of the vasodilatory syndrome, aggravating renal dys- 
function and sodium retention. Thus, the ideal drug for the treatment of 
portal hypertension should act by decreasing intrahepatic vascular resis- 
tance, without worsening splanchnic/systemic vasodilation. 



NO-RELEASING URSODEOXYCHOLIC ACID DERIVATIVES 
(NCX-1000) 

Chemistry and metabolism 

As NCX-1000 consists of two active moieties, ursodeoxycholic acid (UDCA) 
and the NO-releasing moiety, its liver metabolism can be tracked by measur- 
ing the appearance of UDCA in supernatants of cell culture and in bile of 
NCX-1000-treated animals 9 . Preclinical studies have shown that NCX-1000 
is rapidly and completely metabolized in rat, dog and human liver S9 
fraction with half-lives of 1.31-2.31 min, 1.24-2.47 min and 3.92-4.24 min 
in rats, dogs and humans, respectively. The data obtained in vitro are 
confirmed in vivo , with tauroursodeoxycholic acid (TUDCA) being the main 
conjugation pathway for both UDCA and NCX-1000, as assessed by the 
quantitative analysis of bile acids in bile of BDL rats chronically treated 
with NCX-IOOO 10 . Preliminary data on the human safety of NCX-1000, 
derived from studies in healthy volunteers treated with four dose levels (500, 
1000, 2000 or 3000 mg) of NCX-1000 oral powder, were available. No acute 
or subchronic toxicity was observed. No clinically significant trend or dose- 
dependent relationship was observed in the evolution of sitting systolic and 
diastolic blood pressure values or heart rate during treatment, indicating 
that NCX-1000 does not reduce systemic blood pressure. 

NCX-1000: EFFECTS ON PORTAL PRESSURE 

Preclinical studies have demonstrated that NCX-1000 is exclusively metabo- 
lized in the liver, it delivers NO directly to HSC and selectively releases NO 
into the liver microcirculation with no detectable effect on systemic circula- 
tion 9 . Long-term administration of NCX-1000 to rats with chronic liver 
injury induced by CC1 4 intoxication lowers intrahepatic resistance, resulting 
in both prevention of ascites development and maintenance of a normal 
portal flow/pressure relationship during liver perfusion 9 . Moreover, while, 
similar to UDCA, NCX-1000 exerts antifibrotic effects, only the NO- 
releasing derivative protects against portal hypertension. In addition, 
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Figure 1. Structure and metabolic pathway of NCX-1000, 2-(acetyloxy) benzoic acid 
3-(nitroxymethyl) phenyl ester. NCX-1000 is a NO-releasing derivative of ursodeoxycholic acid 
(UDCA), a stable compound obtained by adding a nitroxybutyl moiety to UDCA. Proposed 
metabolism 



NCX-1000 has no effect on liver eNOS expression and activity, but signifi- 
cantly increases liver content of nitrite/nitrate, demonstrating that liver cells 
are able to use NCX-1000, in vivo , as a source of NO despite a defect in 
post-translational handling of eNOS. As a further index of its ability to 
protect against development of portal hypertension, NCX-1000 reduces the 
nitrite/nitrate content in the ascitic fluid, suggesting a beneficial effect of this 
compound on the hyperdynamic circulation. To exclude the possibility that 
the hemodynamic effect observed after this treatment is likely to be related 
to attenuation of the development of cirrhosis, rather than to a regression 
of this condition, more recently two additional studies have examined the 
effect of NCX-1000 on rats with established liver cirrhosis 10,11 . The studies 
used identical doses of NCX-1000 (28 mg/kg) and equimolar amounts of 
UDCA as control therapy (although the length of therapy was longer in the 
CC1 4 study). Both studies documented an increase of cGMP levels in liver 
homogenates from rats receiving NCX-1000 which, together with the findings 
of increased liver nitrite/nitrate content and increased biliary levels of total 
bile acids and TUDCA, indicate that NCX-1000 was absorbed, metabolized 
by the liver and resulted in increased hepatic levels of biologically active 
NO. Since there were no differences in arterial pressure between animals 
receiving NCX-1000 or UDCA, both studies conclude that NCX-1000 indeed 
behaves as a liver-selective NO donor. The two studies further coincided in 
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Figure 2. Systemic and local vasodilatory effects of NCX-1000 in comparison with conven- 
tional nitrates 



showing that NCX-1000, but not UDCA, resulted in a significant attenuation 
of the hyper-response to a-adrenergic stimulation in liver perfusion experi- 
ments, supporting the view that NCX-1000 reduces portal hypertension, 
reversing the dynamic component of portal hypertension. These data are 
obtained 16 h after the administration of the last dose of NCX-1000, suggest- 
ing that hepatic cells can store and/or metabolize NCX-1000 at a low rate, 
resulting in a long-lasting release of NO. On the other hand, it cannot be 
excluded that the storage of NO in vessels may play a role in controlling 
vascular tone. In addition, after NCX-1000 administration, Loureiro-Silva 
et al. 11 observed an improved adaptability of the cirrhotic intrahepatic 
circulation to increase in portal blood flow induced by blood volume expan- 
sion. This finding suggests that this nitro-compound could be useful to 
prevent further increases in portal pressure secondary to the increase in 
portal blood flow and, consequently, could reduce the risk of bleeding in 
cirrhotic patients. Moreover, both studies used an empirical dose, which 
may have sub-optimal effects in cirrhotic animals, known to have a decreased 
sensitivity to nitrovasodilators. It is obvious that additional studies are 
required, testing a wide range of NCX-1000 doses in cirrhotic rats or, even 
better, in portal hypertensive cirrhotic patients. 
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SYSTEMIC EFFECT OF NCX-1000 

Preclinical data show that NCX-1000 does not affect systemic hemodynamics 
in healthy animals. In all the animal models tested the treatment of cirrhotic 
rats with NCX-1000 did not change the basal mean arterial pressure (MAP) 
or basal heart rate measured after the last dose of the NO donor, suggesting 
that NCX-1000 releases a low amount of NO in the blood stream 9 . 

A SECOND-GENERATION NO-UDCA 

A second-generation NO-UDCA has been developed (NCX-999). This nitro- 
UDCA derivative has a better hydrosolubility than NCX-1000, which would 
confer to the compound a high capability of circulating into the sinusoids 
and delivering NO into the hepatic microcirculation, instead of being stored 
into the hepatocytes. Preliminary studies performed in freshly isolated rat 
hepatocytes and hepatic stellate cells have demonstrated that NCX-999 
releases nitrite and nitrate in vitro at the same level as NCX-1000, suggesting 
that this compound, as well as NCX-1000, is metabolized by liver cells to 
produce NO. Moreover, as well as NCX-1000, NCX-999 can affect HSC 
function, as demonstrated by its capability in reducing MCP-1 release. Thus, 
it seemed reasonable that this compound could have modulated intrahepatic 
circulation. Preliminary data obtained using the isolated perfused rat liver 
system demonstrated that NCX-999 can significantly reduce the vasocon- 
striction induced by norepinephrine in normal rat liver, suggesting a poten- 
tial role of this second-generation NO compound for the treatment of portal 
hypertension. 

NITRATE VERSUS NCX-1000 FOR THE TREATMENT OF 
PORTAL HYPERTENSION 

The obvious potential pharmacological treatment of portal hypertension in 
cirrhosis is replenishment of the intrahepatic vasculature with NO by using 
stable NO-donating compounds. However, it should be underlined that the 
liver metabolic impairment observed in cirrhosis can be responsible for the 
blunted vasorelaxant response to nitroglycerin administration in cirrhotic 
animals 12 . On the other hand our results demonstrated that hepatic biotrans- 
formation of NCX-1000 is not significantly altered in injured liver: (1) being 
capable of increasing the concentration of the tauro-conjugate of UDCA in 
bile of cirrhotic rats and increasing hepatic nitrite/nitrate content in 
NCX-1000 treated animals and (2) causing a similar reduction of vasocon- 
striction induced by the maximally effective concentration of norepinephrine 
in sham-operated and cirrhotic animals 10 . It is of relevance that, in cirrhosis, 
the liver metabolic impairment and its inability to release NO after nitrate 
administration presumably account for the observation that the use of 
nitrates frequently shows more pronounced systemic side-effects than thera- 
peutic advantage. Conversely, NCX-1000 is devoid of hypotensive systemic 
effect. Moreover, nitrite therapy is frequently associated with the well-known 
tolerance phenomenon (tachyphylaxia) that is more pronounced for the 
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venous than for the arterial vascular bed. This effect is not observed after 
NCX-1000, which is capable of producing the same antihypertensive effect 
in the liver after short treatment (5 days) and long treatment (7 weeks). 

CONCLUSIONS 

Preclinical data suggest that, by selectively delivering therapeutic quantities 
of NO to the liver microcirculation without apparent effect on systemic and 
splanchnic circulation, NCX-1000 may provide a novel therapy for the 
treatment of patients with portal hypertension, without affecting systemic 
pressure. 
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Possibilities of manipulating nitric 
oxide biosynthesis in the treatment 
of portal hypertension: statins 

JUAN G. ABRALDES, CARMEN ZAFRA and JAIME BOSCH 



THE PLEIOTROPIC EFFECTS OF STATINS 

Statins are lipid-lowering agents that act by inhibiting the activity of the rate- 
limiting enzyme for cholesterol synthesis, the 3-hydroxyl-3-methylglutaryl 
coenzyme A (HMG-CoA) reductase. Statins are among the most widely 
prescribed drug class in Western countries, and have been consistently shown 
to decrease the incidence of cardiovascular events and to improve survival 
in patients with ischemic heart disease 1 . Although the beneficial effects of 
statins were initially entirely attributed to their lipid-lowering effects, detailed 
analysis of randomized controlled trials suggested that some of their benefits 
were independent of their cholesterol-lowering capacity 2,3 . This prompted 
further investigations that showed a variety of effects of statins beyond 
cholesterol reduction, which have been called the pleiotropic effects of stat- 
ins 4 . Statins reduce oxidant stress and inflammation at the vessel wall, have 
antithrombotic and antiproliferative properties and improve endothelial 
function, increasing nitric oxide (NO) production in endothelial cells 5-11 . 
Statins’ effects on angiogenesis are more controversial, but it seems that at 
clinically relevant doses statins are proangiogenic agents 7,12,13 . Many of 
these effects have been demonstrated to occur as early as within 24 hours 
of statin administration, further reinforcing their independence from plasma 
cholesterol changes 14-16 . 



STATINS INCREASE NO PRODUCTION IN ENDOTHELIAL 
CELLS 

In the past few years it has been shown that much of the cholesterol- 
independent vascular protection achieved by statins is the result of an up- 
regulation of endothelial NO production 7,17-19 . This has recently been 
emphasized by showing that vascular protection by statins is abolished in 
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Table 1. Mechanisms by which HMG-CoA reductase inhibitors may increase NO production 



Increase in eNOS activity 

Activation of PI3K/Akt pathway => eNOS phosphorylation 
Decrease in caveolin expression 
Increase in Hsp90-eNOS interaction 
Increase in BH 4 

Increase in eNOS expression 

Decrease in LDL-cholesterol => increase in eNOS mRNA stability 
Decrease in Rho activity => increase in eNOS mRNA stability 

Increase in NO availability 

Decrease in NADPH oxidase => decrease in superoxide 



endothelial NO synthase (eNOS) knockout mice or after eNOS block- 
ade 20,21 . Statins may increase NO production by at least three mechanisms 
(Table 1): by increasing eNOS expression, by increasing eNOS activity at 
the post-translational level, and by increasing NO bioavailability. 

The most immediate effect of statins on endothelial NO production is an 
increase in eNOS phosphorylation at ser 1177/1179, with subsequent 
increased activity 7 . This is mediated by the activation of the phosphatidyl 
inositol 3 kinase (PI3K)/Akt pathway 7,22 that leads to an increase in Akt 
phosphorylation (present as early as 15 min after exposure to simvastatin) 
with ensuing eNOS phosphorylation 23 (Figure 1). The mechanism of 
PI3K/Akt pathway activation seems related to a decrease in the levels of an 
endogenous endothelial cholesterol pool 24 . 

Statins can also modify eNOS activity at the post-translational level by 
other mechanisms. Statins reduce the expression of the eNOS inhibitory 
protein caveolin- 1 25 , an effect that seems to depend in part on cholesterol 
synthesis inhibition 26 , and increases the interaction of eNOS with its stimula- 
tory protein Hsp90 25 . These effects occur more slowly than PI3K/Akt path- 
way activation. Statins also increase the expression of GTP cyclohydrolase 
I (GTPCH), the rate-limiting enzyme for de-novo tetrahydrobiopterin (BH 4 ) 
synthesis 27 . This is mediated by the inhibition of the isoprenoid intermediate 
geranylgeranylpyrophosphate (GGPP), which is required for Rho activation 
(Figure 1). Rho decreases the expression of GTPCH; the result is that statins 
increase the production of BH 4 , a cofactor that increases eNOS activity by 
preventing eNOS uncoupling and, thus, superoxide generation. 

Statins also up-regulate eNOS expression. This occurs at the translational 
level, by increasing eNOS mRNA stability 17 , and is mediated by the inhibi- 
tion of Rho, since Rho negatively regulates eNOS expression 28 . Additionally, 
this effect might also be mediated by a decrease in low density lipoprotein 
(LDL) cholesterol, since LDL also down-regulates eNOS mRNA 29 . 

Finally, statins may increase NO bioavailability by a reduction of oxida- 
tive stress through a decrease in the expression of NADPH oxidase. A 
decrease in the isoprenoid GGPP that leads to a decrease in the activity of 
Racl protein (Figure 1) seems to mediate this effect 30 . 

The ability of statins to increase NO production and vasomotor response 
has been confirmed in vivo both in experimental animals and in humans 19 , 
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Figure 1. Cholesterol synthesis pathway, with biological actions of isoprenoid intermediates 
and cholesterol. Cholesterol increases caveolin-1 and inhibits the PI3K/Akt signaling pathway. 
Both effects contribute to a decrease in eNOS activity. Farnesyl-PP activates Ras, a protein 
implicated in cell proliferation. Geranylgeranyl-PP activates among others Rho and Racl. Rho 
down-regulates eNOS and GTP cyclohydrolase I (GTPCH). Rac up-regulates NADPH oxidase. 
Statins block the rate-limiting step in the synthesis of cholesterol. In this way statins decrease 
the levels of cholesterol and isoprenoid intermediates, increasing eNOS expression, eNOS 
activity and NO bioavailability 



and it has been shown to occur within 24 h 14,15 . Whether this effect is due 
to a direct action of statins on endothelial cells, or whether it is the result 
of a decrease in liver synthesis and circulating levels of the cholesterol 
precursor mevalonate, has not been yet clarified 19 . 

TARGETS FOR STATINS IN PORTAL HYPERTENSION 

Increased hepatic resistance is the first pathophysiological phenomenon 
causing portal hypertension in cirrhosis 31 . This occurs predominantly 
through mechanical factors, but there is also a vasculogenic component 
which is clearly reversible 32 . This concept was first demonstrated by Bathal 
and Grossmann in the isolated perfused cirrhotic rat liver 33 . Insufficient NO 
production by endothelial cells in liver microvasculature seems to be the 
major factor involved in increased hepatic resistance in cirrhosis 32,34-37 . In 
addition, such an insufficient availability of NO may explain the incapacity 
of the intrahepatic vasculature to relax in response to acute increases in 
portal blood flow, such as those induced by meals 38 . As a result, in cirrhotic 
patients marked postprandrial increases in portal pressure occur 38-44 . 
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It is implicit that delivering NO to the liver circulation should result in a 
decrease in hepatic resistance. A straightforward way to achieve this goal is 
to generate bioavailable NO that diffuses directly to the effector contractile 
cells by means of NO donors. Although these agents are effective in reducing 
portal pressure 45,46 , their systemic vasodilatory effects could exacerbate the 
systemic hypotension of cirrhotic patients with adverse effects on renal 
function 47 . Thus, new strategies to selectively deliver NO to the liver are 
needed. 

Both unaltered 35,36 and decreased 48,49 protein levels of NO eNOS have 
been found in cirrhosis, but decreased hepatic eNOS activity has been 
uniformly reported 34-37,50 . This has been attributed to complex post-transla- 
tional modifications of eNOS; indeed, in the cirrhotic liver eNOS activity 
has been shown to be down-regulated due to an increased interaction of 
eNOS with the inhibitory protein caveolin-1 36,50-52 , and also to decreased 
Akt phosphorylation, with subsequent decrease in eNOS phosphorylation 
at 1779/1799 53 . In addition, an increased scavenging of NO by superoxide 49 
has been proposed to account for the decreased response to NO observed 
in the cirrhotic liver. Pharmacological up-regulation of eNOS activity and/or 
expression and/or reduction in intracellular superoxide anion levels may 
represent new strategies to correct the increased hepatic vascular tone in 
cirrhosis. As discussed previously, statins are able to favorably influence all 
these steps, since they are known to up-regulate eNOS expression, to increase 
eNOS activity at a post-translational level, and to decrease superoxide 
production. Therefore, statins have a good potential to increase intrahepatic 
NO bioavailability in the cirrhotic liver. 

STATINS IN LIVER CIRRHOSIS 

Only one study has so far evaluated the effects of statins on hepatic hemody- 
namics and NO levels in patients with cirrhosis of the liver 54 . This study 
investigated the effects of simvastatin administration on resting and meal- 
stimulated hepatic hemodynamics and NO output in a series of cirrhotic 
patients, most of them with varices, and with a mean Child-Pugh score of 
6.9. A first protocol showed that single-dose oral administration of 40 mg 
of simvastatin decreased hepatic resistance by 14% at 30 min ( p = 0.03) and 
by 11% at 60 min (n.s.). This was followed by a significant increase in total 
hepatic blood flow, which did not cause an increase in the portal pressure 
gradient (evaluated by measuring the hepatic venous pressure gradient 
(HVPG)) because of the decrease in hepatic resistance (Figure 2). Since there 
were no changes in systemic hemodynamics (cardiac output and mean 
arterial pressure), the increase in hepatic blood flow was probably due to a 
redistribution of collateral flow to the liver. This would be consistent with 
the concept that simvastatin promoted a selective decrease in intrahepatic 
resistance through enhanced hepatic NO production, while the collateral 
resistance was not modified. Of note, a redistribution of flow from the 
collaterals to the liver after decreasing portal resistance has been previously 
demonstrated experimentally in the partial portal vein ligation model after 
removal of the ligature 55 . 
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Figure 2. Acute hemodynamic changes after a single dose of 40 mg of simvastatin. Simvastatin 
administration decreased hepatic sinusoidal resistance (HSR), which allowed an increase in 
hepatic blood flow (HBF), without changes in hepatic venous pressure gradient (HVPG). Mean 
arterial pressure (MAP) and cardiac output (CO) were not significantly modified 

Since direct, NO-independent vasoactive effects of simvastatin have not 
been described, the hemodynamic changes observed in that study were most 
likely mediated by the up-regulation of NO production. This is supported 
by the observed significant increase in plasma NOx products selectively at 
the hepatic vein 54 , which suggests an up-regulation in NO production local- 
ized at the hepatosplanchnic territory. Both the hepatic hemodynamic effects 
and the increase in NO induced by simvastatin were observed as early as 
30 min after drug administration, a finding that fits with an effect on post- 
translational regulation of eNOS. 

A second protocol of this study 54 demonstrated that hepatic vein NOx 
levels increased further after stimulating the splanchnic circulation with a 
meal in patients pre-treated with simvastatin, but not with placebo. This 
indicates that simvastatin not only increased basal NO production, but also 
restored a vasorelaxing response after the volume load caused by postpran- 
dial hyperemia (Figure 3). As a consequence the brisk postprandial increase 
in HVPG observed in patients pretreated with placebo was markedly attenu- 
ated in those receiving simvastatin (Figure 4) despite a similar increase in 
hepatic blood flow in the simvastatin and placebo groups. 

These results demonstrate that, in patients with cirrhosis and portal 
hypertension, simvastatin administration increases hepatosplanchnic output 
of NOx, decreases hepatic resistance and attenuates the postprandial increase 
in portal pressure, without deleterious effects on the systemic circulation. 
This suggests that statins might represent an effective strategy to selectively 
increase intrahepatic NO in patients with cirrhosis of the liver, without 
worsening the systemic vasodilation observed in this condition. The apparent 
selectivity of statins increasing NO levels in the hepatic circulation, but not 
in the systemic circulation, is intriguing and calls for further investigation 
in experimental studies. The beneficial effects on hepatic hemodynamics and 
NO levels observed in patients with cirrhosis 53 should also be confirmed 
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Figure 3. Hepatic vein NOx levels increased significantly after the test meal in patients 
pretreated with simvastatin, but not with placebo (error bars represent SEM) 




Figure 4. Postprandial changes in HVPG in patients treated with simvastatin or placebo. 
Simvastatin significantly attenuated the increase in portal pressure induced by the meal (error 
bars represent SEM) 



after continuous administration of the drug. It is of note that studies in 
experimental animals have shown that statins are able to decrease arterial 
pressure in spontaneously hypertensive rats, which show diffuse endothelial 
dysfunction, but do not modify arterial pressure in normal animals 56 . Thus, 
it is possible that, in liver cirrhosis, the selective effect of statins on hepatic 
NO production might be explained by the fact that simvastatin targeted to 
the dysfunctioning hepatic endothelium, while it did not further increase the 
already-enhanced NO production in the systemic circulation. 



FUTURE PERSPECTIVES 

These preliminary studies set the rationale to explore further the potential 
of statins in the treatment of patients with cirrhosis and portal hypertension. 
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Studies in experimental animals are under way to clarify the mechanism of 
simvastatin effects in liver cirrhosis. Preliminary results suggest that CC1 4 - 
cirrhotic rats also exhibit an improved flow-mediated vasorelaxation after 
simvastatin pretreatment. In patients the next step would be to examine the 
hemodynamic effects of simvastatin after continuous administration. 
Although acute administration of simvastatin resulted in no changes in 
portal pressure, it is possible that a sustained reduction in hepatic resistance 
and an increase in liver NO availability could lead to a decrease in portal 
pressure. In that regard it has recently been shown, in an experimental 
model of cirrhosis, that a steady increase in Akt signaling (by transfecting 
the liver with adenovirus encoding a constitutively active form of Akt), leads 
to a marked decrease in portal pressure 53 . On the other hand, the observed 
attenuation of the brisk postprandial increases in portal pressure may by 
itself represent a clinically relevant beneficial effect of statins, since it has 
been proposed that the portal hypertension flares related to meals play an 
important role contributing to the development and progressive dilation of 
gastroesophageal varices that leads to their eventual rupture 38,57 . 

Statins may also influence other pathophysiological aspects of liver dis- 
ease. A potential antifibrotic effect has been suggested, since simvastatin has 
been shown to decrease hepatic stellate cell proliferation 58,59 and collagen 
synthesis 59 , probably by reducing the levels of active Ras (Figure l) 59 . In 
relation to its anti-inflammatory properties, trials are under way to evaluate 
the effects of atorvastatin on liver function in patients with primary biliary 
cirrhosis. 

Lastly, an important concern with statins that must be addressed is the 
potential liver toxicity of these drugs. Simvastatin increases liver transami- 
nases in up to 2% of patients, but serious liver injury is exceedingly rare, if 
it ever occurs 1 . Furthermore, a very recent large study concluded that the 
risk of statins-related hepatotoxicity is not increased in patients with elevated 
baseline liver enzymes 60 . Simvastatin has also proved safe in patients in 
early stages of primary biliary cirrhosis 61 . However, if a relevant benefit of 
these drugs in cirrhotic patients is confirmed, the safety of statins in these 
particular patients after continued administration should be carefully 
evaluated. 

In summary, statins are drugs that might act on several mechanisms that 
lead to cirrhosis progression and to the development of complications 
derived from portal hypertension. Since these drugs are readily available, 
and appear to have a good safety profile, they deserve priority in the search 
for new agents for the treatment of patients with cirrhosis. 
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INTRODUCTION 

Due to the fact that nitric oxide (NO) is a component of air pollution, 
produced in lightning and also a by-product of microbial metabolism, this 
substance has been the focus of environmental and microbiological research 
for many years. However the original clues for a biological role of NO came 
from studies suggesting the implication of this gas as the active component 
of nitroglycerin 1 , which has long been used in the treatment of angina 
pectoris because of its vasoactive properties. In 1980 Furchgott et al. 
described a labile and diffusible substance produced by endothelial cells 
responsible for acetylcholine-dependent blood vessel relaxation 2 . It was not 
until a few years later when the two discoveries were connected by Palmer 
et al. 3 and Ignarro et al. 4 . They published the first evidence that the biological 
activity of NO was indistinguishable from that of endothelium-derived relax- 
ing factor described by Furchgott et al. These first observations awakened 
great interest among the scientific community, and generated an enormous 
amount of literature that culminated in 1992 with the nomination of 
“Molecule of the Year” by Science journal 5 . In addition, in 1998 the investiga- 
tors Robert Furchgott, Ferid Murad, and Louis Ignarro were awarded the 
Nobel Prize for their research on the effects of NO on blood vessels. 

Due to the properties of NO as an important regulator of vascular tone, 
it was not surprising that in 1991 Variance and Moncada proposed an 
association between the altered systemic hemodynamics in cirrhosis and the 
vasoactive properties of NO 6 . This first publication stimulated an important 
scientific effort in experimental models of cirrhosis (induced by carbon 
tetrachloride (CC1 4 ) or bile duct ligation (BDL)) and prehepatic portal 
hypertension (in mice, rats or rabbits by partial portal vein ligation) and in 
cirrhotic patients, that contributed to the current knowledge of the role of 
NO in cirrhosis. 

ROLE OF THE PI3-KINASE/Akt/eNOS SIGNALING PATHWAY IN 
CIRRHOTIC LIVERS 

Increased resistance to portal blood flow is the primary factor in the patho- 
physiology of portal hypertension, and is the main cause of morbidity and 
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mortality of patients with cirrhosis. This increased intrahepatic vascular 
resistance is the consequence of anatomic abnormalities caused by fibrosis 
and the formation of regenerating nodules 7 . It is well established that this 
is not a purely mechanical phenomenon, and different vasoactive agents 
such as NO play an important role in the development of the intrahepatic 
resistance associated with cirrhosis. In this regard there are studies showing 
that NO production and endothelial nitric oxide synthase (eNOS) protein 
activity are decreased in perfused cirrhotic livers from CCl 4 -treated rats and 
isolated endothelial cells from CCl 4 -treated rats and BDL rats, respec- 
tively 8,9 . In the study performed by Rockey et al. 9 , equal levels of mRNA 
and protein of eNOS were associated with a significant decrease in sinusoidal 
eNOS activation in cirrhotic animals, suggesting a post-translational control 
of eNOS activity. In this context it has recently been shown that enhanced 
expression and interaction of caveolin-1 with eNOS may contribute to 
impaired NO production and reduced NOS activity in livers from CC1 4 - 
treated and BDL rats 10-12 . Similar to these findings, Yokomory and col- 
leagues demonstrated, by immunohistochemistry and Western blot, that 
liver specimens from cirrhotic patients presented an over-expression of 
caveolin-1 13 . However, although the authors presented data of eNOS and 
caveolin-1 colocalization, the in-vivo interaction of these two proteins still 
needs to be demonstrated in human cirrhosis. 

The serine/threonine kinase Akt (or protein kinase B) is an important 
regulator of various cellular processes including metabolism, cell survival 
and migration 14-18 . This enzyme is activated by phosphoinositide 3-kinase 
(PI3-kinase) which catalyzes the phosphorylation of the inositol ring of 
phosphatidylinositol (Ptdlns) lipids at the D-3 position producing 
PtdIns(3,4)P2 and PtdIns(3,4,5)P3. Direct binding of Akt to the membrane 
phosphoinositide products of the PI3-kinase reaction (through its pleckstrin 
homology domain) permits its phosphorylation by a phosphoinositide- 
dependent kinase (PDK1). PDK1 is also activated by phosphoinositol lipids 
and phosphorylates Akt at Thr-308, resulting in autophosphorylation of 
Ser-473 (Figure 1), thus increasing Akt catalytic activity toward a variety of 
diverse substrates 19,20 . 

Recently it has been shown that Akt can phosphorylate eNOS on serine 
1179 (bovine sequence)/1177 (human sequence) resulting in eNOS activation 
and an increase in NO production of several-fold in comparison to basal 
levels 21,22 . In addition, there are several articles linking the activation of the 
PI3-kinase/Akt signaling pathway to the release of NO in endothelial cells 
and, therefore, the regulation of vascular tone 23,24 . It can be predicted, 
therefore, that Akt-dependent eNOS phosphorylation may be an important 
mechanism in the control of vascular function. 

So far, only two papers have assessed the role of the Akt/eNOS signaling 
pathway in portal hypertension 25,26 . The results published by Iwakiri et al. 
suggest that the activation of eNOS by Akt may be the first step leading to 
an initial increase in NO production in mesenteric arterial beds, leading to 
splanchnic vasodilation. By contrast, in the intrahepatic circulation there is 
an impaired activation of Akt in livers of cirrhotic rats treated with CC1 4 
and a subsequent decrease in the incorporation of phosphate groups into 
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Figure 1. Schematic overview of eNOS activation through the PI3-kinase/Akt signaling path- 
way. (a) Activation of growth factor receptor protein tyrosine kinase results in autophosphoryla- 
tion on tyrosine residues. PI3-kinase is recruited to the membrane by directly binding to 
phosphotyrosine consensus residues of growth factor receptors or adaptors through one or 
both SH2 domains in the adaptor subunit (p85). This leads to allosteric activation of the 
catalytic subunit (pi 10). (b) Activation results in production of the second messenger 
phosphatidylinositol-3, 4, 5-triphosphate (Ptdlns( 3,4,5 )P3). (c) The lipid product of PI3-kinase 
recruits a subset of signaling proteins with pleckstrin homology domains to the membrane, 
including PDKs and Akt. (d) Once activated, Akt phosphorylates eNOS on serine 1179 (bovine 
sequence)/! 177 (human sequence) resulting in eNOS activation and increase in NO production 



serine 1176 in the rat eNOS sequence 26 . On the basis of these results, 
Morales-Ruiz et al. used a gene transfer approach to restore the intrahepatic 
eNOS activity in cirrhosis using a recombinant replication-deficient adenovi- 
rus vector carrying a constitutively active mutant of Akt (myr-Akt). The in- 
vivo experiments performed in the same study showed that the intravenous 
administration of myr-Akt adenovirus to cirrhotic rats at a dose of 5 x 10 10 
p.f.u., resulted in transgene expression, increased eNOS phosphorylation and 
enhanced intrahepatic release of NO, as estimated by the hepatic content of 
cGMP. Furthermore, restoring eNOS activity by myr-Akt gene delivery 
normalizes portal pressure, decreases superior mesenteric blood flow and 
ameliorates arterial hypotension in cirrhotic rats. Related to these findings, 
detailed histologic examination of the animals used in this study, which 
underwent a cirrhosis induction protocol for 17-19 weeks, revealed that 
cirrhotic livers have predominantly thin and often incomplete fibrous septa. 
Therefore, these results strongly suggest that, in this cirrhotic stage, vascular 
liver tone is still highly modulated by the vasculogenic component, and 
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probably this therapy would not have been as effective in a late scenario, in 
which abundant collagen deposition and concomitant mechanical obstruc- 
tion would have been the most important contributors to the intrahepatic 
resistance. 

Although it had been shown that myr-Akt liver transduction correlates 
with an increase in phosphorylated eNOS, it is difficult to discount the 
possibility that other upstream regulators such as AMP-activated kinase, 
protein kinase A and protein kinase G, which in vitro phosphorylate eNOS 
on serine 1 177/1 179 27 , may affect intrahepatic NO production in cirrhosis. 
An important question that also remains unanswered is the underlying 
mechanism that promotes a differential activation of Akt in the setting of 
portal hypertension. 

Due to the fact that splanchnic arterial vasodilation and intrahepatic 
resistance contribute to the increase in portal pressure, we can conclude that 
these results, obtained in the experimental model of portal hypertension and 
in CC1 4 - treated rats, point to Akt activity as a major modulator of portal 
blood flow in cirrhosis. Thus, pharmacological modulation of Akt activity 
remains an area of further investigation in cirrhosis. 

NEW THERAPEUTIC STRATEGIES FOR CIRRHOSIS BASED ON 
TISSUE SPECIFIC NITRIC OXIDE AVAILABILITY 

Without any doubt, experimental models of cirrhosis and portal hyperten- 
sion have improved our understanding of the pathophysiological role of 
NO. There is now a strong body of evidence supporting the concept of 
increased NOS activity in the systemic and splanchnic areas of both cirrhotic 
patients and rats with experimental cirrhosis and/or portal hypertension 28-30 . 
These results raise the possibility that the use of specific NOS inhibitors 
could be explored as treatment for the hyperdynamic state in cirrhosis. 

This situation differs substantially from the defective eNOS activation 
described in cirrhotic livers, where the restoration of intrahepatic eNOS 
activity may be associated with undesirable side-effects such as the aggrava- 
tion of systemic vasodilation, as observed with the use of conventional NO 
donors 28 . Several pharmacological and gene therapy approaches have been 
followed to specifically deliver NO to this organ. These new therapies include 
the use of liver-targeted NO donors, such as the NO-releasing derivative of 
ursodeoxycholic acid NCX-1000 31,32 , and the hepatic gene transfer of 
nNOS 33 , eNOS 34 or a constitutively active mutant of Akt 26 . Although all 
these methods have successfully reduced portal pressure in experimental 
models of cirrhosis, the relevance of these new therapeutic approaches in 
cirrhotic patients remains to be determined. Moreover, some conflicting 
issues should be solved before the promising translation of these treatments 
to patients. For example, in contrast to the results obtained in the transduc- 
tion of a wild-type form of eNOS, BDL rats transduced with a mutant form 
of eNOS, that mimics phosphorylated eNOS, did not display reduced portal 
pressure 10 . These findings raise the need for a deeper study of the precise 
molecular mechanisms involved in the impaired intrahepatic eNOS activity 
found in experimental models of cirrhosis. 



124 



Akt AND ENDOTHELIAL NO SYNTHASE 



Further research should provide a solid basis for therapeutic approaches 
to specifically supplement NO or activate eNOS in cirrhotic livers and 
suppress splanchnic and systemic NO overproduction without affecting the 
immunological response to bacterial infection. We predict that the combina- 
tion of all these theoretical concepts in the design of new therapeutic 
approaches for the treatment of cirrhosis will produce results superior to 
those obtainable with the consideration of only a single pathophysiological 
role of NO in cirrhosis. 
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INTRODUCTION 

Chronic liver diseases are often characterized by portal hypertension, an 
important component of which is increased intrahepatic vascular resistance. 
Portal hypertension in turn has profound clinical consequences, many of 
which are associated with substantial morbidity and mortality 1 . Nitric oxide 
(NO) modulates numerous physiological processes in the liver circulation 2 . 
The basal production of NO in the hepatic circulation is generated through 
the catalytic activity of the endothelial NO synthase (eNOS) isoform, local- 
ized within liver endothelial cells (LEC) and regulated through physiological 
stimuli including shear stress 3,4 . Several recent studies suggest that the 
biological activity of hepatic eNOS is diminished in portal hypertension 3,5,6 . 
Thus, NO supplementation is a rational therapeutic approach in portal 
hypertension. While NO donor therapy in portal hypertension may be 
beneficial under specific clinical circumstances, its benefits are limited by 
several factors including short half-life, high reactivity, tolerance and, most 
importantly, the unwanted systemic delivery of these compounds that tends 
to exacerbate an existing hyperdynamic circulatory state and create unto- 
ward side-effects and limit effectiveness of clinical application 7,8 . 

Gene therapy refers to the transfer of functional genes to the host tissue 
to correct the malfunction of a specific gene or to replace a missing gene 9 . 
Owing to the liver homing predilection of systemically delivered adenoviral 
vectors, recent studies have examined the potential efficacy of gene transfer 
of eNOS and neuronal NOS (nNOS) isoforms in preclinical experimental 
models of portal hypertension, and are reviewed here 10-13 (Table 1). 

eNOS GENE TRANSFER AND PORTAL HYPERTENSION 

One recent study examined whether delivery of an adenoviral vector encod- 
ing eNOS gene to liver influenced vasomotor regulation in vivo and possible 
mechanisms of NO production in vitro 13 . In these studies, rats were adminis- 
tered adenoviruses encoding P-galactosidase (AdLacZ) or eNOS (AdeNOS) 
via tail vein injection. One week later, p-galactosidase activity was increased 
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Table 1 . NOS activation in liver by gene transfer 



Reference 


NOS isoform 


Ameliorates portal hypertension 


Van de Casteele et al. 10 


eNOS 


Yes 


Yu et al. 11 


nNOS 


Yes 


Hendrickson et al. 12 


Constitutive active eNOS 


No 


Shah et al. 13 


eNOS 


n.a. 


Morales-Ruiz et al. 18 


AKT (upstream kinase) 


Yes 



in the liver of animals transduced with AdLacZ, most prominently in hepato- 
cytes. In AdeNOS-transduced animals the eNOS protein levels and catalytic 
activity were significantly increased. eNOS gene delivery diminished baseline 
perfusion pressure and constriction in response to the o^-agonist methox- 
amine in the perfused liver. In complementary in-vitro studies, transduction 
of cultured hepatocytes with AdeNOS resulted in the binding of recombinant 
eNOS with the NOS-activating protein heat-shock protein 90 and targeting 
of NOS to a perinuclear distribution, reminiscent of Golgi membranes. 
These processing events were associated with increased stimulated NO 
release from the cells. Therefore, this proof-of-concept study demonstrated 
that recombinant eNOS gene could be delivered to liver in vivo and in vitro 
with ensuing NO production 13 . 

Further publications have examined for a potential beneficial effect of 
NOS gene delivery in portal hypertension models 10-12 . In one of these studies 
Casteele and colleagues showed that in-vivo eNOS gene transfer decreased 
portal pressure in CC1 4 cirrhotic rats 10 . They injected the recombinant 
adenovirus, carrying cDNA encoding human eNOS into the portal vein of 
CC1 4 cirrhotic rats. The result of Casteele and colleagues’ study showed that, 
in liver parenchyma, eNOS immunoreactivity was observed in sinusoidal 
and hepatic vein endothelium but hepatocytes were negative. In specimens 
of CC1 4 cirrhotic rats treated with placebo or transfected with Ad(3Gal, or 
with empty vectors, the intensity of the eNOS immunoreactivity was mark- 
edly reduced compared with normal livers. Cirrhotic rats transfected with 
AdeNOS showed enhanced eNOS immunoreactivity in the sinusoidal lining 
cells compared with placebo-treated animals. The amount of immunoreactive 
hepatic eNOS protein, measured by Western blotting, was lower in CC1 4 
cirrhotic rats than in normal control rats. Following eNOS gene transfer, 
deficient eNOS protein levels in cirrhotic rats were partially restored and 
portal pressure was significantly improved by about 35%. This study indi- 
cates that eNOS gene transfer to cirrhotic rat liver may lead to a marked 
decrease in portal hypertension without systemic effects 12 . 

Another recent study, in the bile duct ligation (BDL) model of portal 
hypertension, examined the effect of a constitutively active form of eNOS 
(S1179DeNOS) 14 in both liver cells in vitro and in the sham and BDL rat 
liver in vivo , using an adenoviral vector encoding green fluorescent protein 
(AdGFP) and S1179DeNOS (AdS1179DeNOS) 12 . Transduction of 
S1179DeNOS increased both basal and agonist-stimulated NO generation 
in non-parenchymal liver cells and in hepatocytes. Sham rats transduced 
in vivo with AdS1179DeNOS evidenced a decreased pressor response to 
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incremental doses of the vasoconstrictor methoxamine compared with sham 
rats transduced with AdGFP consistent with prior studies demonstrating 
an increase in hepatic vasodilatory responses in response to eNOS gene 
transfer. However, BDL rats transduced with AdS1179DeNOS did not 
display improved vasodilatory responses. This was evidenced by similar 
flow-dependent pressure increases to that observed in BDL rats transduced 
with AdGFP, and was not due to inadequate levels of viral transduction in 
the injured liver as evidenced by similar levels of viral transgene expression. 
Thus, S1179DeNOS gene delivery did not appear to improve portal hyper- 
tension in the BDL model. Additional studies were performed in vitro to 
better examine the influence of the eNOS inhibitory protein caveolin on 
S1179DeNOS dysfunction in cirrhotic liver. Caveolin-1 in BDL liver was 
prominently detected, not only in liver endothelial cells but also in hepatic 
stellate cells, as assayed by immunogold electron microscopic analysis. 
In vitro studies in the LX2 hepatic stellate cell line demonstrated that 
caveolin and S1179DeNOS coprecipitated 15 . Furthermore, adenoviral-based 
overexpression of caveolin-1 in these cells, used to mimic caveolin overex- 
pression in cirrhosis, was associated with enhanced S1179DeNOS-caveolin-l 
binding and diminished recombinant S1179DeNOS activity. In sum these 
studies indicate that recombinant S1179DeNOS protein functions in normal 
liver cells and tissue, but evidences dysfunction in the cirrhotic rat liver, 
similar to the endogenous hepatic eNOS protein, and that caveolin expres- 
sion and inhibition in BDL non-parenchymal cells, including hepatic stellate 
cells, may be the cause of this dysfunction 12 . These events preclude efficacy 
of eNOS gene transfer in this pre-clinical model. 

nNOS GENE TRANSFER AND PORTAL HYPERTENSION 

In endothelial cells eNOS must undergo extensive post-translational process- 
ing, including myristolation and dissociation from caveolin, to be function- 
ally active 16 . Because of the potential of a post-translational handling defect 
in eNOS after liver injury 5,17 , Yu and colleagues transduced a heterologous 
NOS isoform, nNOS, to cirrhotic liver 11 . After demonstrating that hepatic 
stellate cells are efficiently transduced with adenoviral vectors in vitro and 
in vivo , they next determined the effectiveness of in-vivo gene transfer of 
AdnNOS after liver injury (BDL and CC1 4 ). Although transduction efficiency 
was reduced after liver injury, nitrite production did increase in all cell types 
after liver injury and nNOS gene transfer inhibited endothelin-1 -induced 
contractility of perisinusoidal stellate cells. In vivo , transduction of portal 
hypertensive liver with recombinant AdnNOS significantly reduced intrahep- 
atic resistance and portal pressure. In sum, these studies made several 
meaningful advances by: (a) establishing a “vasorelaxing” effect with a non- 
endothelial NOS isoform in the liver (which has important therapeutic 
implications for endothelial disorders in which eNOS may be dysfunctional); 
(b) suggesting that liver injury and caveolin overexpression do not impair, 
in endothelial or other cell types, the function of nNOS in liver; and (c) pro- 
viding a proof-in-concept of the portal hypertension-improving effect of 
NOS gene transfer 11 . 
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FUTURE DIRECTIONS AND LIMITATIONS OF GENE TRANSFER 
FOR PORTAL HYPERTENSION 

It is important to note that the adenoviral vectors utilized in the above- 
reviewed studies are unlikely to be appropriate for translation to human 
portal hypertension. In addition to the well-documented safety concerns of 
adenoviral vectors in humans, a chronic condition such as cirrhosis and 
portal hypertension requires a transduction system that allows for longer 
expression or repeated dosing, neither of which is presently compatible with 
adenoviral vector use in humans. Significant advances in vector biology, 
including establishment of alternative expression systems such as lentivirus 
and adeno-associated virus, as well as improvements in vector safety profile, 
will be necessary prior to consideration of translation of these gene-delivery 
approaches to human portal hypertension. However, the types of preclinical 
studies reviewed in this chapter are important because they provide proof- 
in-concept for which targets may be useful in treating portal hypertension 
and provide mechanism data relating to why portal hypertension occurs. In 
this regard, future studies for consideration include gene delivery of eNOS 
activation targets upstream of the enzyme such as AKT as recently pub- 
lished 18 , approaches to correct caveolin-mediated eNOS dysfunction such 
as caveolin siRNA, alternative NOS isoforms such as inducible NOS, or 
targets downstream of eNOS, such as PKG or soluble guanylate cyclase. 
Cell-based gene delivery therapies are also under active consideration. 
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16 

Inhibition of nitric-oxide-mediated 
vasodilation (including K + 
channels) 

RICHARD MOREAU 



INTRODUCTION 

Portal hypertension is associated with a chronic hyperkinetic syndrome 1-3 . 
This syndrome is characterized by elevated cardiac output, low arterial 
pressure and low systemic vascular resistance 2,3 . Splanchnic circulation is 
also hyperdynamic; i.e. blood flow is elevated and vascular resistance is low 
in arteries that supply splanchnic organs 1,4 . Systemic and splanchnic alter- 
ations are interrelated: decreased systemic vascular resistance (systemic vaso- 
dilation) is largely due to the decrease in splanchnic arterial resistance 
(splanchnic vasodilation) 5 . Finally, in portal hypertension, there is in-vivo 
and ex-vivo arterial hyporeactivity to different receptor-dependent and 
-independent vasoconstrictors 6-14 . A hyperkinetic syndrome also occurs in 
extrahepatic portal hypertension 15 , but it is less marked than that observed 
in cirrhosis. 

An arterial overproduction of the vasorelaxant nitric oxide (NO) plays a 
major role in the pathogenesis of systemic and splanchnic arterial alterations 
in patients and animals with portal hypertension 16-44 . 

NO synthases (NOS) are enzymes that produce NO from L-arginine 45 . 
NOS have been well studied in conditions other than portal hypertension. 
There are three isoforms of NOS that are regulated by distinct genes. 
Neuronal NOS (nNOS), also known as NOS-1, is found in neuronal and 
some non-neuronal tissues. Inducible NOS (iNOS or NOS-2) was first found 
in macrophages but has been identified in other cell types (e.g. smooth 
muscle cells (SMC)). Endothelial NOS (eNOS or NOS-3) was first identified 
as the enzyme producing endothelium-derived relaxing factor. Both nNOS 
and eNOS are constitutively expressed. iNOS is not a constitutive enzyme 
and its expression may be induced by stimuli such as lipopolysaccharide 
(LPS, endotoxin) or proinflammatory cytokines (i.e. tumor necrosis factor 
alpha (TNF-a), interleukin- 1, and interferon-y). 
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In cirrhotic rats the protein levels of the three NOS isoforms are increased 
in the aorta 40,46 while only eNOS is up-regulated in the mesenteric vascular 
bed 35 . In portal vein-stenosed rats, eNOS is the only up-regulated NOS, in 
the aorta and mesenteric vascular bed 38,39 . 

NO inhibition can be achieved by molecules that intercept NO signaling 
in SMC, or by interventions that have NOS per se as a target. NO inhibition 
can also be obtained by acting on mechanisms that induce post-translational 
eNOS activation. Finally, NO inhibition can be achieved by drugs such as 
propranolol, norfloxacin or “anti-TNF” therapies whose mechanism of 
action has not yet been completely elucidated. 

The ideal “NO inhibitor” should decrease NO production and/or action 
in systemic and splanchnic arteries without affecting intrahepatic NO pro- 
duction. Indeed, inhibition of intrahepatic NO leads to an inappropriate 
increase in intrahepatic vascular resistance (a portal hypertensive effect). 

MOLECULES THAT INTERCEPT NO SIGNALING 
Inhibition of abluminal diffusion of NO 

The administration of erythropoietin to portal hypertensive rats causes 
increased intravascular hemoglobin concentration which is associated with 
a reduction in NO-induced arterial tone 47 . Hemoglobin is a potent NO 
scavenger which decreases abluminal NO diffusion (i.e. movement of NO 
from endothelial cells to SMC). Thus, in portal hypertensive rats, the effects 
of the erythropoietin-induced increase in hemoglobin concentration is prob- 
ably due to decreased NO diffusion from the endothelium to SMC. 

Inhibition of NO-induced K + channel activation in SMC 

In normal SMC, NO stimulates soluble guanylyl cyclase to produce the 
second messenger cyclic 3',5'-guanosine monophosphate (cGMP) 48 . cGMP 
then activates a cGMP-dependent serine-threonine protein kinase called 
PKG. PKG may phosphorylate and activate plasmalemmal high-conduc- 
tance, calcium (Ca 2+ )-sensitive K + (BKCa) channels. This causes membrane 
hyperpolarization which inhibits L-type Ca 2+ channels and decreases Ca 2 + 
entry. The subsequent decrease in cytosolic free Ca 2+ concentrations 
([Ca 2+ ]i) induces SMC relaxation 49 . There is evidence of an enhanced 
NO/guanylyl cyclase/cGMP/BKCa channel pathway in portal hypertension, 
at least under ex-vivo conditions. In portal vein-stenosed rats, ex-vivo experi- 
ments have shown that guanylyl cyclase inhibition with methylene blue 
decreases arterial hyporeactivity to vasoconstrictors 32 . In portal hypertensive 
rats, with or without cirrhosis, ex-vivo experiments have shown that iberio- 
toxin (a selective BKCa channel blocker) 50 or tetraethylammonium (a non- 
selective BKCa channel blocker) 32 decreases arterial hyporeactivity to vaso- 
constrictors. The pathophysiological role of BKCa channels under in-vivo 
conditions needs to be clarified. 

It should be emphasized that, in normal arteries, the NO/cGMP/PKG 
pathway may relax SMC through several other mechanisms leading to 
decreased [Ca 2+ ]i (reviewed in refs 49 and 51). First, PKG may decrease 
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Ca 2+ entry by directly inhibiting L-type Ca 2+ channels. Second, PKG may 
favor Ca 2+ extrusion outside the cytosol, by stimulating Ca 2+ -ATPases 
located in the plasma membrane and in the membrane of the sarcoplasmic 
reticulum. Third, PKG has been shown to inhibit the G protein-coupled 
receptors (GPCR)/Gq/1 1/phospholipase C (PLC)-(3 signaling pathway used 
by vasoconstrictors to induce SMC contraction. Indeed, PKG may phospho- 
rylate GPCR and thereby uncouple the receptor and G-proteins. PKG may 
also bind to and phosphorylate regulator of G protein signaling-2 (RGS-2) 
which increases GTPase activity of Gq/11, terminating vasoconstrictor sig- 
naling 52 . PKG may inhibit PLC-b to produce inositol triphosphate (IP3) 
and diacylglycerol, two important messengers of constrictor signals. Finally, 
PKG may decrease intracellular Ca 2+ release by inhibiting the IP3 receptor. 
On the other hand, PKG may also use “Ca 2+ -independent” mechanisms of 
relaxation. Indeed, PKG is known to phosphorylate and activate myosin 
phosphatase, an effect known to cause desensitization of the contractile 
apparatus to Ca 2+ (ref. 53). These “Ca 2+ -dependent” and u Ca 2+ -indepen- 
dent” mechanisms of PKG-induced SMC relaxation have not all been 
investigated in portal hypertensive SMC. A better understanding of the 
NO/cGMP/PKG pathway may provide clues to novel approaches in the 
pharmacological manipulation of NO-elicited SMC relaxation. 

INVESTIGATIONS THAT TARGET NOS PER SE 

In this setting NO inhibition can be achieved by deletion of NOS genes or 
pharmacological NOS inhibition. 

Genetic studies 

A key role for eNOS in the development of hyperdynamic circulation is 
suggested by the finding that the hyperkinetic syndrome does not occur in 
portal vein-stenosed mice lacking eNOS (eNOS -/_ ) but not in portal vein- 
stenosed mice lacking iNOS 54 . However, this hypothesis is not supported 
by the results of another study showing that hyperkinetic syndrome induced 
by portal vein stenosis occurred in eNOS~ /_ mice lacking eNOS or in those 
lacking both eNOS and iNOS (double-knockout mice) 55 . 

The reasons for these discrepant results regarding the impact of eNOS 
deletion on the development of hyperdynamic state are unclear. On the 
other hand, neither of these studies supports a role of iNOS in circulatory 
alterations associated with portal hypertension. 

Pharmacological inhibition of NOS 

Two families of NOS inhibitors have been used in portal hypertensive 
animals: L-arginine analogs and non-amino acid-based compounds. Among 
L-arginine analogs, there are Nco-nitro-L-arginine (also known as L-NA), 
Nco-nitro-L-arginine methyl ester (also known as L-NAME), and 
Nco-monomethyl-L-arginine (also known as L-NMMA). Studies using 
L-arginine analogs (which are non-selective NOS inhibitors 56 ) show that 
NO is a main player in the portal hypertension-associated hyperdynamic 
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state and hyporeactivity to vasoconstrictors. However, studies show that, in 
cirrhotic rats, L-arginine analogs fail to decrease portal hypertension because 
these compounds inhibit intrahepatic eNOS and thus increase intrahepatic 
vascular resistance 16 . 

In-vivo studies aimed at inhibiting iNOS have been performed in portal 
hypertensive rats. Two studies using high doses of the non-amino acid-based 
compound aminoguanidine (AG) found that AG induced a significant 
increase in mean arterial pressure 57,58 . Since high doses of AG inhibit 
not only iNOS but also eNOS 56 , the cause of AG-induced vasopressor 
response is unclear. On the other hand, the administration of 
L-N6-(l-iminoethyl)lysine (also known as L-NIL), a relatively selective 
iNOS inhibitor 59 , induced no significant changes in arterial pressure 60 . 
Moreover, long-term administration of dexamethasone, a glucorticoid which 
inhibits iNOS induction, failed to prevent the development of hyperdynamic 
state in portal hypertensive rats 61,62 . Along with genetic studies, these find- 
ings do not support a major role of iNOS-derived NO in circulatory alter- 
ations associated with portal hypertension. However, the effects of W1400, 
which is the more selective iNOS inhibitor 56 , have not yet been studied in 
portal hypertensive animals. Thus, studies are needed with this compound. 

The administration of 7-nitroindazole (a non-amino acid-based compound 
that selectively inhibits nNOS) decreases the hyperdynamic state in cirrhotic 
rats 40 . This suggests a role of nNOS-derived NO in portal hypertension. 
However, this hypothesis should be confirmed because the previous study 
had been performed in a small number of animals 40 . 



BLOCKADE OF K + CHANNELS INVOLVED IN eNOS 
ACTIVATION 

Under physiological conditions eNOS may be regulated through post-trans- 
lational mechanisms involving interaction of eNOS with other proteins such 
as caveolin-1, calmodulin and the chaperone heat-shock protein 90 (Hsp90) 
(reviewed in refs 63-65). Caveolin-1 inhibits eNOS while calmodulin and 
Hsp90 stimulate eNOS activity. Endothelial cells express a plasmalemmal 
small-conductance, Ca 2 + -sensitive K + (SKCa) channel whose opening is 
induced by shear stress 66 . SKCa channel opening induces endothelial mem- 
brane hyperpolarization which favors the entry of extracellular Ca 2+ through 
voltage-independent Ca 2+ channels. The resulting Ca 2+ entry increases 
[Ca 2+ ]i. Then, Ca 2+ binds to calmodulin and the complex Ca 2+ /calmodulin 
binds to eNOS and activates the enzyme by displacing the inhibitory protein 
caveolin-1. In cirrhotic rat aortas, endothelial SKCa channels are overex- 
pressed and overactive 50 . Indeed, in cirrhotic aortas, selective SKCa channel 
blockade induces significant decreases in ex-vivo eNOS activity and hypore- 
activity to vasoconstrictors 50 . In portal hypertension, increased shear stress 
participates in eNOS up-regulation. Since shear stress is known to activate 
endothelial SKCa channels to stimulate eNOS, this mechanism may also 
participate in portal hypertension-elicited, shear stress-mediated eNOS 
up-regulation. 
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In aortas, in-vivo Hsp90 protein levels are significantly higher in portal 
hypertensive rats than in normal rats 46 . In portal vein-stenosed rats the 
ansamycin antibiotic with antitumor geldanamycin, a specific inhibitor of 
Hsp90 signaling, decreases the NO-mediated hyporeactivity to vasoconstric- 
tors in the mesenteric vasculature 38 . Together these findings suggest that, in 
portal hypertension, Hsp90 may play a role in NOS up-regulation. It should 
be kept in mind that Hsp90 is known to be involved in different processes 
such as eNOS modulation by shear stress or TNF receptor- 1 signaling and 
many others 65,67 . Both shear stress and TNF-a signaling are enhanced in 
portal hypertension (see below). Moreover, since geldanamycin is an antitu- 
mor agent with marked cytotoxic effects, this substance not only inhibits 
Hsp90 signaling but may also have several other cellular effects. In other 
words the exact role of Hsp90 in portal hypertension-associated NOS 
up-regulation needs to be clarified. 

Under normal conditions post-translational regulation of eNOS activity 
may also occur via protein phosphorylation (reviewed in refs 64 and 65). 
For example, the serine/threonine kinase Akt phosphorylates eNOS at serine 
1177 (Ser 1177 ), and Ser 1177 phosphorylation is known to stimulate eNOS 
catalytic activity. In the mesenteric arterial bed from portal vein-stenosed 
rats, early phases of portal hypertension are associated with eNOS phosphor- 
ylation at Ser 1177 (ref. 41). In addition, exposure of mesenteric vascular bed 
to wortamannin (which blocks phosphatidylinositol-3-OH-kinase-elicited 
Akt activation) reduces NO-elicited vasodilation 41 . Preliminary results show 
that cirrhotic rat aortas have increased Akt activity and eNOS phosphoryla- 
tion at Ser 1177 (Tazi KA, Moreau R, Lebrec D, unpublished data). In portal 
hypertensive rats the stimuli responsible for increased Akt activity and 
subsequent eNOS phosphorylation at Ser 1177 are unknown. Interestingly, 
Akt activity may be enhanced by shear stress or by TNF-a 43 . 

Finally, it should be emphasized that eNOS may be phosphorylated at 
residues other than Ser 1177 (ref. 65). This needs to be studied in portal 
hypertension. 

PROPRANOLOL-INDUCED NOS INHIBITION 

In cirrhotic and portal vein-stenosed rats a 7-day administration of the non- 
selective (3-blocker, propranolol, induces a significant decrease in in-vivo 
aortic eNOS mRNA 39 , eNOS protein 39,46 and in ex-vivo aortic NOS activ- 
ity, 46 j n p 0r t a j vein-stenosed rats treated with propranolol there is normal- 
ization of ex-vivo aortic reactivity to vasoconstrictors 39 . Propranolol therapy 
is also associated with a marked decrease in Hsp90 protein expression 46 . 
The effects of propranolol administration on up-regulated Akt activity and 
eNOS phosphorylation at Ser 1177 have not yet been studied in portal hyper- 
tension. Interestingly, in cirrhotic rat aortas, propranolol therapy is associ- 
ated with a 50% decrease in in-vivo iNOS protein expression 46 . 

In normal rats, chronic exercise induces a sustained increase in cardiac 
ouput causing chronic increases in shear stress forces perceived at the surface 
of arterial endothelial cells. In response to chronic shear stress there is an 
increase in the expression and catalytic activity of eNOS. In addition, shear 
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stress may up-regulate Hsp90, Akt activity and eNOS phosphorylation at 
Ser 1177 (ref. 65). Since portal hypertensive rats have chronic hyperdynamic 
state, sustained shear stress may explain both eNOS and Hsp90 aortic 
up-regulation in these animals. Since propranolol reduces the hyperdynamic 
state this reduction may explain the down-regulation of eNOS and Hsp90 
in rats with (3-blockers. 

To interpret the effects of propranolol therapy one should bear in mind 
that intestinal translocation of Gram-negative bacteria causing endotoxemia 
without overt sepsis is common in cirrhosis 35 . This “non-septic endotoxemia” 
results in increased plasma concentrations of proinflammatory cytokines 
such as TNF-oc 35 . Since endotoxin (i.e. lipopolysaccharide, LPS) and TNF-oc 
are potent iNOS (co-) inducers 56 , the presence of iNOS in cirrhotic aortas 
indicates the existence of bacterial translocation. However, in cirrhotic rats 
the functional role of iNOS is unclear (see above). Moreover, bacterial 
products such as LPS may induce mechanisms that stimulate eNOS. First, 
LPS induces GTP-cyclohydrolase I (GTPCH-I), a key enzyme involved in 
the production of tetrahydrobiopterin (BH4), which is an essential, rate- 
limiting cofactor in the synthesis of NO by eNOS 68 . In cirrhotic mesenteric 
vasculature, bacterial translocation is associated with GTPCH-I 
up-regulation 68 and increased BH4 levels 35 . Second, TNF-oc may activate 
eNOS by stimulating Akt to phosphorylate eNOS at Ser 1177 (ref. 43). In 
other words, bacterial translocation may participate in eNOS up-regulation. 
Since propranolol is known to decrease intestinal bacterial translocation 69 , 
this decrease probably explains the P-blockade-induced reduction in aortic 
iNOS. Moreover, inhibition of bacterial translocation and subsequent 
decreases in GTPCH-I/BH4 and/or TNF-oc/Akt pathways may participate 
in propranolol-elicited eNOS down-regulation. 

NORFLOXACIN-INDUCED NOS INHIBITION 

Preliminary results show that, in cirrhotic rats, a 5-day therapy with nor- 
floxacin (an antibiotic that causes selective intestinal decontamination and 
inhibits bacterial translocation 42 ) is associated with a marked in-vivo 
decrease in aortic iNOS-inducing cytokines (TNF-oc and IFN-y) and iNOS 
protein (Tazi KA, Moreau R, Lebrec D, unpublished results). Moreover, 
norfloxacin therapy induces significant decreases in eNOS protein and activ- 
ity, eNOS phosphorylation at Ser 1177 and Akt activity. The effects of nor- 
floxacin on Hsp90 are unknown. 

Since bacterial translocation may result in both iNOS induction and 
eNOS up-regulation (see above), the responses obtained with 5-day norflox- 
acin therapy might be explained by norfloxacin-elicited suppression of bacte- 
rial translocation. However, since norfloxacin is also known to decrease the 
hyperdynamic state in cirrhotic rats 42 , this mechanism may contribute to 
norfloxacin-induced eNOS down-regulation. 

In patients with cirrhosis the administration of norfloxacin induces a 
reduction in plasma levels of TNF-oc and NO metabolites, and a decrease 
in the systemic hyperdynamic syndrome 70 . These effects of norfloxacin may 
be due to NOS down-regulation. 
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“ANTI-TNF THERAPY’MNDUCED NOS INHIBITION 

“Anti-TNF therapy” with antibody to TNF 37,71 , thalidomide 72 or tyrphostin 
AG126 73 decreases the systemic hyperdynamic state in portal hypertensive 
rats. These effects may be due to the inhibition of TNF-a-induced 
up-regulation of NOS. 

The administration of an antibody to TNF results in in-vivo down-regula- 
tion of eNOS protein and activity in the portal hypertensive rat gastric 
mucosa 33,43 . These effects are associated with a decrease in eNOS phosphory- 
lation at Ser 1177 and Akt activity 43 . 



FUTURE APPROACHES: INHIBITION OF LPS SIGNALING 

LPS, a component of Gram-negative bacteria, is recognized specifically by 
a receptor located at the surface of immune cells (monocytes/macrophages). 
This receptor is called toll-like receptor 4 (TLR4) 74 . Engagement of TLR4 
leads to tyrosine kinase-dependent activation of mitogen-activated protein 
kinases (MAPK) such as p38, c-Jun NH2-terminal kinase (JNK) and extra- 
cellular-signal regulated kinase. These MAPK have several transcriptional 
effects via AP-1 (including perhaps increased TNF mRNA transcription). 
In addition, MAPK increase TNF-a production by stimulating nucleocy- 
toplasmic TNF mRNA transport and increasing TNF mRNA translation, 
and perhaps stability of the RNA. In addition, TL4 engagement stimulates 
Ik-B kinases (IKK, a multiprotein complex containing IKK(3 which is 
indispensable to LPS signaling). IKK(3 then activates nuclear factor-icB 
(NF-kB) which induces the expression of proinflammatory cytokine genes 
(including TNF). 

TNF-a produced in response to LPS binds to specific surface receptors 
(called TNF receptor-1, TNFR-1) in target cells (e.g. SMC, hepatocytes). 
TNFR-1 engagement stimulates proapoptotic pathways (i.e. MAPK/JNK 
and procaspase-8), antiapoptotic and proinflammatory pathways (i.e. the 
IKK/NF-kB pathway) and proinflammatory signals (e.g. MAPK/p38) 67 . 

It should be noted that thalidomide is an “anti-TNF” therapy because it 
decreases TNF mRNA stability in immune cells and inhibits IKKP in target 
cells 75 . This suggests that the newly developed IKKP inhibitor may be useful 
in the treatment of vascular alterations in portal hypertension 75 . However, 
since the IKK/NF-kB pathway has an important antiapoptotic function, 
inhibition of this antiapoptotic pathway might induce adverse effects 75 . 

Tyrphostin AG 126 may decrease both TNF-a production and action. 
Indeed, this tyrphostin has been shown to inhibit tyrosine kinase activation 
of MAPK (probably p38) which occurs upstream and downstream in TNF-a 
signaling 76 . Since pharmacological p38 inhibitors are available 77 , these mole- 
cules may be useful in portal hypertension. 

LPS seems to be a main upstream player in the cascade of events leading 
to NOS up-regulation in portal hypertension. Since antibodies to endotoxin 
are available 78 , these antibodies should be evaluated in the treatment of 
vascular alterations in portal hypertension. 
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CONCLUSIONS 

Several strategies can be used to inhibit NO production and/or action in 
portal hypertension. The use of molecules that inhibit primary mechanisms 
involved in NOS up-regulation (e.g. intestinal bacterial translocation) is a 
novel approach in the treatment of vascular alterations due to portal 
hypertension. 
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17 

Esophageal varices: from 
appearance to rupture; natural 
history and prognostic indicators 

GENNARO D’AMICO 



BACKGROUND 

Bleeding, ascites and encephalopathy are the major clinical manifestations 
of liver cirrhosis. The appearance of these manifestations marks the decom- 
pensated stage of the disease. The expected survival rate of patients with 
compensated disease is nearly 90% after 10 years if they do not develop 
decompensation, whereas the median survival is about 2 years after decom- 
pensation. The progression from compensated to decompensated cirrhosis 
is parallel to the development and progression of portal hypertension, sig- 
naled by the appearance of esophageal varices and/or ascites. 

Esophageal varices are among the most serious consequences of portal 
hypertension. They appear only when the hepatic venous pressure gradient 
(HVPG) 1 is above 10—12 mmHg, and their increasing size is accompanied 
by an increasing risk of bleeding. The mortality of variceal bleeding has 
decreased from about 50% in the late 1970s to around 20% nowadays 2 . 
After the first bleeding 60% of patients rebleed in the following 1-2 years 
and about 33% die in the same period. A reappraisal of the clinical course 
of portal hypertension is here reported according to a review of the current 
medical literature, and according to individual patient data from two large 
studies of the natural history of cirrhosis 3,4 . 



PREVALENCE OF ESOPHAGEAL VARICES 

The prevalence of varices at the diagnosis of cirrhosis is widely variable 
across the published studies and ranges from 0% in patients with compen- 
sated cirrhosis to 80% in those with decompensated cirrhosis in prognostic 
studies published after 1980. The median prevalence of esophageal varices 
in these studies is 55%. Although there is a trend toward a relationship 
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% patients with decompensated cirrhosis 

Figure 1 . Prevalence of varices in cirrhosis, according to the proportion of patients with 
decompensated cirrhosis. Data from 22 out of 93 prognostic studies published between 1980 
and 2003 and reporting complete information 



between the prevalence of varices and the prevalence of decompensated 
disease, this relationship is not statistically significant (Figure 1). 



DEVELOPMENT OF ESOPHAGEAL VARICES 

Two recent prospective cohort studies showed that the incidence of esopha- 
geal varices in patients with newly diagnosed cirrhosis is nearly 5% per 
year 5,6 . A similar finding was recently reported also in a large consensus 
conference after a thorough review of available studies 7 . Therefore, overall, 
the estimated prevalence of varices at 5 years from the diagnosis may be as 
high as 75%, assuming that about half of patients may have varices at the 
diagnosis of cirrhosis. However, the incidence of varices is significantly lower 
in patients with compensated cirrhosis than in those with decompensated 
cirrhosis at diagnosis (Figure 2). 

Varices do not develop below the threshold hepatic venous pressure 
gradient (HVPG) value of 10-12 mmHg 1 . Above this threshold the median 
time to the development of varices and/or bleeding, or other complications 
of portal hypertension, is about 4 years 8 . Worsening of liver function and 
continuing exposure to alcohol are factors associated with an increasing risk 
of developing varices. However, HVPG frequently increases with worsening 
liver function and continuing alcohol abuse, and may decrease when liver 
function improves and after alcohol withdrawal 9 . Therefore, an increased 
HVPG is presently considered the most important risk factor for the develop- 
ment of esophageal varices. This is also confirmed by the reduction of the 
risk of first bleeding in patients achieving a reduction of HVPG either 
pharmacologically induced or spontaneously 10 . 
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Figure 2. Proportion of patients free of varices after diagnosis among 571 patients with 
compensated and 473 decompensated cirrhosis, without esophageal varices at diagnosis 



PROGRESSION OF ESOPHAGEAL VARICES FROM SMALL TO 
LARGE 

Once developed, varices increase in size from small to large before they 
eventually rupture and bleed. Prospective studies have reported progression 
rates ranging from 0.05 to 0.12 per year (median 0.07) 5,6,11 . This variability 
probably depends on different patient selection criteria across studies, with 
inclusion of patients with different degrees of progression of the underlying 
cirrhosis. In this respect it may be worth noting that the one study which 
included only patients with newly diagnosed cirrhosis reported a variceal 
progression rate of 0.05 per year 5 . 

Changes in HVPG may be followed by parallel variations in the size of 
esophageal varices 9 indicating that HVPG plays a key role both in develop- 
ment and progression of varices, and should be considered a main target in 
monitoring treatment to prevent variceal bleeding or rebleeding. 

The increase in size of esophageal varices is associated with increasing 
risk of bleeding, of developing ascites and of mortality. 



INCIDENCE OF VARICEAL BLEEDING AND RISK INDICATORS 

The incidence of variceal bleeding is approximately 4% per year in non- 
selected patients who have never bled at the time of diagnosis. The risk is 
about 2 % in patients without varices at diagnosis, and increases to about 
5% per year in those with small varices and 15% in those with medium or 
large varices 12 . Major indicators of the risk of bleeding are Child-Pugh 
class, variceal size and red weal marks on endoscopy, which have been 
combined in the NIEC index 13 . Although its accuracy is far from satisfactory, 
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this is the best available system for the prediction of the first variceal bleeding 
in cirrhosis. 

Esophageal varices do not bleed below a threshold HVPG level of 
12 mmHg 14 . Importantly, in patients with higher baseline HVPG, the bleed- 
ing risk is abolished if HVPG is reduced to levels below 12 mmHg, and is 
significantly reduced if HVPG is reduced to >20% from baseline 14,15 . 
Variceal pressure is significantly related with the risk of bleeding through 
the wall tension, which is inversely related to variceal wall thickness and is 
therefore another potential bleeding risk indicator 16 . However, variceal wall 
tension cannot be measured accurately at present. 

Several ultrasonographic parameters have been reported to be related to 
esophageal varices and the risk of variceal bleeding; however the predictive 
accuracy is far from satisfactory 17 . 

In clinical practice the size of varices is the most widely used indicator of 
the risk of first variceal bleeding because this risk is significantly reduced by 
prophylactic treatments in patients with medium-sized to large varices 18 . 

All patients with cirrhosis should be screened for the presence of esopha- 
geal varices at the diagnosis of cirrhosis 7 . Non-invasive tests (particularly 
platelet count and abdominal ultrasound) have not been proven sufficiently 
accurate to safely avoid endoscopy in patients who are negative for the 
test 17 . To detect newly developed varices, endoscopy should be repeated 
every 2-3 years in compensated patients 7 ; however, in compensated patients 
with HVPG >10 mmHg, endoscopy should be repeated yearly, as well as 
in patients with decompensated cirrhosis. In patients with small varices 
endoscopy should be repeated yearly to detect the progression from small 
to large size 7 . 

ACUTE VARICEAL BLEEDING 

Ruptured esophageal varices cause 60-70% of all upper gastrointestinal 
bleeding episodes in cirrhosis 2 . Data from placebo-controlled clinical trials 
have shown that variceal bleeding ceases spontaneously in 40-50% of 
patients. Active treatment achieves control of bleeding within 24 h from 
admission in nearly 85% of episodes 19 . Active bleeding on endoscopy, bacte- 
rial infection and HVPG > 20 mmHg are significant prognostic indicators 
of failure to control bleeding. Immediate mortality from uncontrolled bleed- 
ing is approximately 5%. The incidence of rebleeding is about 20% in the 
first 6 weeks. Active bleeding at emergency endoscopy, gastric varices, low 
albumin and/or high blood urea nitrogen and HVPG > 20 mmHg have been 
reported as significant indicators of early rebleeding risk. Six-week mortality 
is about 20% with nearly one-half of deaths caused by bleeding or early 
rebleeding. Albumin, bilirubin, creatininemia, encephalopathy, hepatocellu- 
lar carcinoma, the number of transfused blood units, bacterial infection and 
HVPG > 20 mmHg are indicators of the risk of mortality within 6 weeks. 

Following a first episode of variceal bleeding there is a 63% rebleeding 
risk and 33% death risk within 1 year. Rebleeding risk indicators are variceal 
size, Child-Pugh class, continued alcohol abuse, and hepatocellular carci- 
noma. Reduction of HVPG to below 12 mmHg totally prevents recurrent 
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Figure 3. Survival after upper digestive bleeding (406 patients) and after development of ascites 
(672 patients) in patients with cirrhosis. Individual patient data from two large prospective 
studies (see refs 3 and 4) 



bleeding and a reduction of > 20% of the baseline value reduces the risk of 
recurrent bleeding by nearly 70% 10 . 

LONG-TERM OUTCOME OF PORTAL HYPERTENSION AS 
RELATED TO CLINICAL STAGES 

At diagnosis the prevalence of ascites ranges from 20% to 60% according 
to the referral pattern. The incidence of ascites is about 5% per year, and 
together with variceal bleeding, represents the most frequent modality of 
transition from the compensated into the decompensated phase of cirrhosis 3 . 

A less frequent modality is the development of hepatic encephalopathy 
with an incidence of approximately 2-3% per year 3 ; however, the incidence 
of encephalopathy in the absence of ascites or previous bleeding is much 
lower. Therefore, the most important markers of decompensated cirrhosis 
are bleeding and ascites, while encephalopathy and jaundice mark a very 
advanced stage of the disease. 

After the first variceal bleeding the median survival time is about 1 year, 
and after the development of ascites it is 2 years 12 (Figure 3). Encephalopathy 
and jaundice usually appear after bleeding or ascites, and the median survival 
after the first episode of encephalopathy or after the appearance of jaundice 
is therefore shorter than for bleeding or ascites, respectively. The most 
frequent causes of death are bleeding, liver failure with hepatic coma, sepsis, 
and the hepatorenal syndrome. 

By combining individual patient data from two large prospective studies 
of the natural history of cirrhosis 12 , we identified four stages in the pro- 
gression of the disease (Figure 4). 
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Figure 4. One-year outcome in cirrhotic patients according to four clinical stages defined by 
the presence of esophageal varices, ascites and bleeding. Data from two large prospective studies 
(see refs 3 and 4) 

Stage 0: absence of esophageal varices and of ascites. While in this stage, 
until free of varices and ascites, the mortality rate is as low as 1% per 
year. However, patients exit from this stage also by developing varices 
(7% per year) and/or ascites (4.4% per year). 

Stage 1: varices without ascites and without bleeding. In this stage the 
mortality rate is 3.4% per year, significantly higher than in stage 0. 
Patients leave this stage also by developing ascites (6.6% per year) and/or 
bleeding (4% per year). 

Stage 2: ascites with or without esophageal varices which have not bled. 
Mortality in this stage is 20% per year; significantly higher than in the 
two former stages. Besides death, patients may leave this stage by bleeding 
at a rate of 7.6% per year. 

Stage 3: bleeding with or without ascites. In this stage the mortality rate 

is 57% per year (near half of these deaths occur within 6 weeks from the 
bleeding episode). 

PROGNOSTIC SCORES 

The Child-Pugh score 20 is the most widely used and widely applied in all 
clinical situations along the course of cirrhosis, and to stratify patients 
included in clinical trials in portal hypertension. Previously included among 
the most important criteria for the allocation of livers for transplantation, 
the Child-Pugh score has been recently substituted with the Model for End 
stage Liver Disease (MELD) 21 , by the United Network for Organ Sharing 
(the UNOS). The most important reason for doing this was that the MELD 
is based on objective variables not affected by subjective judgement: etiology 
of cirrhosis, bilirubin, creatinin and INR (the International Normal Ratio 
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for prothrombin time), whereas the Child-Pugh score includes ascites and 
encephalopathy. Although the two scores are not significantly different for 
the predictive accuracy for survival, it should be expected that the interob- 
server agreement to classify cirrhotic patients in prognostically different 
subgroups would be higher with MELD. 

References 

1. Garcia-Tsao G, Groszmann RJ, Fisher RL, Conn HO, Atterbury CE, Glickman M. Portal 
pressure, presence of gastroesophageal varices and variceal bleeding. Hepatology. 1985;5: 
419-24. 

2. D’Amico G, De Franchis R. Upper digestive bleeding in cirrhosis: post-therapeutic outcome 
and prognostic indicators. Hepatology. 2003;38:599-612. 

3. D’Amico G, Morabito A, Pagliaro L, Marubini E. Survival and prognostic indicators in 
compensated and decompensated cirrhosis. Dig Dis Sci. 1986;31:468-75. 

4. Pagliaro L, D’Amico G, Pasta L et al. Portal hypertension in cirrhosis: natural history. In: 
Bosch J, Groszmann R, editors. Portal Hypertension: Pathophysiology and Treatment. 
Cambridge, MA: Blackwell Scientific, 1994:72-92. 

5. D’Amico G, Pasta L, Madonna S, Tarantino I, Mancuso A, Malizia G. The incidence of 
esophageal varices in cirrhosis. DDW 2001, Atlanta, 20-23 May 2001. 

6. Merli M, Nicolini G, Angeloni S et al. Incidence and natural history of small esophageal 
varices in cirrhotic patients. J Hepatol. 2003;38:266-72. 

7. D’Amico G, Garcia-Tsao G, Cales P et al. Diagnosis of portal hypertension: how and when. 
In: De Franchis R, editor. Proceedings of the Third Baveno International Consensus 
Workshop on Definitions, Methodology and Therapeutic Strategies. Oxford: Blackwell 
Science, 2001;36— 63. 

8. Groszmann RJ, Garcia-Tsao G, Bosch J et al. Multicenter randomized placebo-controlled 
trial of non-selective beta-blockers in the prevention of the complications of portal hyperten- 
sion: final results and identification of a predictive factor. AASLD, Boston, 2003. 

9. Vorobioff J, Groszmann RJ, Picabea E et al. Prognostic value of hepatic venous pressure 
gradient measurements in alcoholic cirrhosis: a 10-year prospective sudy. Gastroenterology. 
1996;111:701-9. 

10. D’Amico G. The role of vasoactive drugs in the treatment of oesophageal varices. Expert 
Opin Pharmacother. 2004;5:349-60. 

11. Merkel C, Marin R, Angeli P et al. Beta-blockers in the prevention of aggravation of 
esophageal varices in patients with cirrhosis and small varices: a placebo controlled clinical 
trial. AASLD, Boston, 2003. 

12. D’Amico G, Luca A. Portal hypertension. Natural history. Clinical-hemodynamic correla- 
tions. Prediction of the risk of bleeding. Bailliere’s Clin Gastroenterol. 1997;11:243-56. 

13. North-Italian Endoscopic Club. Prediction of the first variceal hemorrhage in patients with 
cirrhosis of the liver and esophageal varices. A prospective multicenter study. N Engl J Med. 
1988;319:983-9. 

14. Groszmann RJ, Bosch J, Grace N et al. Hemodynamic events in a prospective randomized 
trial of propranolol vs placebo in the prevention of the first variceal hemorrhage. 
Gastroenterology. 1990;99: 1401-7. 

15. Feu F. Garcia-Pagan JC, Bosch J et al. Relation between portal pressure response to 
pharmacotherapy and risk of recurrent variceal haemorrhage in patients with cirrhosis. 
Lancet. 1995;346:1056-9. 

16. Rigau J, Bosch J, Bordas JM et al. Endoscopic measurement of variceal pressure in cirrhosis: 
correlation with portal pressure and variceal hemorrhage. Gastroenterology. 1989;96: 
873-80. 

17. D’Amico G, Morabito A. Non invasive markers of esophageal varices. Another round not 
the last. Hepatology. 2004;39:30-4. 

18. D’Amico G, Pagliaro L, Bosch J. Pharmacological treatment of portal hypertension: an 
evidence based approach. Semin Liver Dis. 1999;19:475-505. 

19. D’Amico G, Pietrosi G, Tarantino I, Pagliaro L. Emergency sclerotherapy versus vasoactive 
drugs for variceal bleeding in cirrhosis: a Cochrane meta-analysis. Gastroenterology. 
2003;124:1277-91. 



153 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



20. Pugh RN, Murray-Lyon IM, Dawson JL, Pietrni MC, Williams R. Transection of the 
esophagus for bleeding oesophageal varices. Br J Surg. 1973;60:646-9. 

21. Kamath PS, Wiesner RH, Malinchoc M et al. A model to predict survival in patients with 
end-stage liver disease. Hepatology. 2001;33:464-70. 



154 



18 

Pathophysiology of variceal 
bleeding 

ANGELS ESCORSELL and JAIME BOSCH 



INTRODUCTION 

Variceal formation is an almost unavoidable complication of cirrhosis. 
Varices are already present in about 40% of compensated, asymptomatic 
patients at diagnosis, and the incidence increases to up to 90% of patients 
on long-term follow up 1 . The annual incidence is around 6% per year 2 . 

This chapter reviews the pathophysiology of variceal formation and rup- 
ture in order to provide a rational basis for new therapeutic strategies. 



MECHANISMS OF COLLATERAL DEVELOPMENT 

Three mechanisms have been involved in the development of portal-systemic 
collateral circulation, which includes the gastroesophageal varices 3 . The first 
is a hemodynamic factor, the increased pressure and blood flow in the portal 
venous system. The second is an anatomic factor, represented by the existence 
of embryonic channels communicating the portal and systemic circulation. 
The third is angiogenesis. A role for angiogenesis was first suggested by the 
fact that portal-systemic collaterals are not merely dilated vessels, but vessels 
that have a marked hyperplasia and hypertrophy of their walls, which 
requires the activation of specific cell factors to develop. Until very recently 
it was thought that the most important factor in the formation of the portal- 
systemic collaterals was the dilation of preexistent embryonic channels by 
the increase in portal venous pressure 4,5 . Very recently, studies performed 
in portal-hypertensive mice have demonstrated that these animals have a 
marked and progressive overexpression of vascular endothelial growth factor 
(VEGF) in splanchnic tissues, and that the administration of a monoclonal 
antibody against VEGF receptor-2 causes a marked, significant inhibition 
of the formation of portal-systemic collateral vessels, as indicated by a 
40-50% reduction in the extent of portal-systemic shunting of radioactive 
microspheres injected into the spleen 6 . This finding highlights the importance 
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Sequence of everts Clinical data 




Figure 1. Chain of events leading to variceal ruptures 

of angiogenesis in portal hypertension and opens new fields for the treatment 
of this syndrome. 

HEMODYNAMIC FACTORS 

As in any vascular system, the pressure gradient along the portal venous 
system depends on the relationship between the flow within this vascular 
system and the resistance that impedes that flow. According to Ohm’s law: 

Pressure gradient = Blood flow x Resistance 

Therefore, changes in portal pressure can be related to changes in the flow 
and resistance in the portal system, including the portal vein and the hepatic 
and portocollateral circulations. When collaterals begin to develop, the 
portal venous inflow increases because of splanchnic vasodilation. Such an 
increased portal venous inflow (the sum of the portal and the collateral 
blood flow) represents an important factor maintaining and worsening the 
portal pressure elevation 7 . When collateralization is extensive, factors modu- 
lating the collateral resistance become important determinants of portal 
pressure. 

Increased portal pressure 

As already stated, increased portal pressure is the initial and most important 
factor leading to the development of portal-systemic collaterals (Figure 1). 
Portal hypertension is initiated by an increased resistance to portal blood 
flow which in cirrhosis is in part due to an insufficient release of nitric oxide 
in the hepatic circulation and increased release of hepatic vasoconstrictors 8,9 . 

In patients with cirrhosis and portal hypertension, a threshold increase in 
the portal pressure gradient (most commonly evaluated in clinical practice 
by its equivalent, the hepatic venous pressure gradient or HVPG) has been 
established for the development and rupture of esophageal varices 
(12 mmHg) 10 " 13 . The same threshold is probably required to trigger splanch- 
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nic vasodilation, with increased portal blood flow and, ultimately, for the 
hyperkinetic circulatory syndrome of cirrhosis. 

The significance of this threshold value has been defined by longitudinal 
studies showing that patients in whom the portal pressure gradient is reduced 
below 12mmHg - by means of pharmacological therapy 14,15 , TIPS 16 or 
spontaneously 17,18 - are almost totally protected from the risk of experienc- 
ing variceal bleeding on follow-up. Two of these studies actually reported a 
prolonged actuarial survival probability in the group of patients decreasing 
the HYPG to less than 12 mmHg 14,18 . This points out the reversibility of 
the portal hypertension syndrome; also, even if the HVPG is not reduced 
below threshold values, patients decreasing HVPG substantially (i.e. more 
than 20% of baseline) have a pronounced reduction in the risk of variceal 
bleeding and rebleeding 15,17,19,20 . 

Above this threshold increase in HVPG, however, there is no clear rela- 
tionship between the magnitude of the portal pressure elevation and the risk 
of hemorrhage 13 . However, as shown by recent studies in which the HVPG 
was measured very early during variceal hemorrhage, the magnitude of 
HVPG elevation is a strong, independent predictor of failure to control 
bleeding and of early rebleeding in patients with cirrhosis 21 . 

On the other hand, it has been suggested that repeated, brisk increases in 
portal pressure, associated with physiologic circumstances (meals 22 , ethanol 
intake 23 , circadian rhythms 24 , physical exercise 25 and increased intra-abdo- 
minal pressure 26 ), and other events (splanchnic angiography 27 , hepatic artery 
to portal vein fistulas and acute alcoholic hepatitis), could play a key role 
in determining the progressive dilation of the varices. 

Increased blood flow 

The amount of blood flow diverted from the portal to systemic circulation 
through the gastroesophageal collaterals is thought to be another important 
factor in the formation, dilation and rupture of the varices 13 . This is suggested 
by the findings of hemodynamic studies evaluating azygos blood flow, an 
index of blood flow through gastroesophageal collaterals, in portal hyperten- 
sive patients. These studies showed a close and exponential relationship 
between portal pressure and azygos blood flow, as well as a parallelism 
between the presence and size of the varices and the increase in azygos 
blood flow 28,29 . 

Factors modulating collateral resistance 

The vascular resistance of the collateral vessels, although lower than that of 
the obstructed portal system, is nevertheless higher than normal portal 
resistance 7,30 . Hence, the development of portal-systemic collaterals does 
not lead to the normalization of portal pressure, even in the extreme situation 
in which all portal flow is diverted to the systemic circulation 31 . 

As expressed by Poiseuille’s law, resistance across a vascular system ( R ) 
can be defined as: 

R = %nl/nr 4 

where n is the viscosity of blood, r is the radius of the vessel, and l is the 
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length of the vessel. It follows that changes in vascular resistance mainly 
depend on variations in the size (radius) of the vessel. 

The collateral vessels have vascular smooth muscle cells in their walls, 
which, by contraction or relaxation, are able to modify vessel diameter 
according to the presence or absence of different vasoactive stimulus: beta- 
adrenergic (which mediates vasodilation in portal-systemic collaterals) 32 , 
alpha-adrenergic 33 , serotoninergic 33 , nitric oxide 34 , vasopressin 33 , endo- 
thelin 33 , among others. 

The effect of beta-blockers on portal collateral resistance may explain 
why the administration of propranolol causes greater decreases in portal 
pressure in animal models and in cirrhotic patients with a small degree of 
collateralization (i.e. animals with CCl 4 -induced cirrhosis and cirrhotic 
patients without gastroesophageal varices, respectively) than in those with 
extensive collaterals (i.e. portal vein-ligated rats and patients with gastroeso- 
phageal varices) 30,35,36 . 

Nevertheless, a randomized controlled trial of prevention of variceal devel- 
opment in cirrhotic patients without varices has failed to demonstrate the 
efficacy of timolol, a non-selective beta-blocker, in that setting 37 . This lack 
of efficacy may be related to the inability of timolol to decrease the HVPG 
below threshold values in the studied population 37 . 

Variceal pressure 

Following the development of gastroesophageal varices, variceal pressure 
plays an important role determining variceal hemorrhage. Previous studies 
have shown that variceal pressure was greater in patients with large varices 
compared to those with small varices, and in patients with previous bleeding 
as compared with those who have never bled 11,38,39 . This suggests that a 
lower resistance in the collaterals feeding the varices increases variceal 
pressure and the risk of bleeding. 

Variceal pressure has been identified as an independent predictor of the 
evolution of an acute variceal bleeding episode, of the risk of first variceal 
hemorrhage, and of the risk of variceal rebleeding during pharmacologic 
therapy. Ruiz del Arbol et al. showed that variceal pressures greater than 
18 mmHg during the acute bleeding episode were frequently associated with 
failure to control bleeding and early rebleeding 39 . Nevens et al. published 
the results of a prospective investigation in cirrhotic patients showing that 
a variceal pressure above 15.2 mmHg is a strong risk factor predicting the 
first variceal hemorrhage 40 . 

Finally, in patients receiving pharmacologic therapy, a decrease in variceal 
pressure from baseline of 20% or more was associated with a very low 
actuarial probability of variceal bleeding on follow-up (7% at 3 years). 
Patients considered non-responders by this measurement had a 46% rate 
of variceal bleeding during the same time-period 20 . Altogether, these findings 
suggest that transmural variceal pressure plays a major role in the pathogen- 
esis of variceal bleeding. 

Variceal size 

Several studies have shown that patients who have previously bled from 
varices have larger varices that those who have not 11,12,41 . In addition, 
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prospective studies have shown that patients with large varices (defined as 
those with a diameter > 5 mm) have a higher risk of variceal hemorrhage 
compared to patients with small varices (< 5 mm in diameter) 4143 . As pre- 
viously mentioned, big varices have also been shown to have higher variceal 
pressure than small ones 12,44 . However, clinical studies have found that 
14-28% of patients with variceal hemorrhage had small varices 11,42 , indicat- 
ing that size per se does not allow us to discriminate the risk of bleeding. 

Furthermore, it should be taken into account that endoscopy is not the 
best method for measuring variceal size, due to lack of objectivity and low 
reproducibility. Miller et al 45 . investigated the value of the cross-sectional 
area (CSA) of esophageal varices measured by using a 20-MHz endosono- 
graphic probe in predicting the risk of variceal bleeding. The authors studied 
28 patients with no prior history of variceal bleeding, in whom they calcu- 
lated the sum of the CSA of all the varices identified at the point where the 
varices appeared the largest. A cutoff value of CSA of 0.45 cm 2 was identified 
as that having the highest sensitivity (83%) and specificity (75%) for deter- 
mining future bleeding 45 . This observation is not surprising considering that 
the size of the varices is a key factor determining variceal wall tension 
according to Laplace’s law (see below). 

Variceal wall thickness 

Due to its location in the lamina propria, esophageal varices have a thin 
wall and lack of tissue support, facilitating their progressive dilation and 
additional slimming of the vessel wall as flow and pressure inside the varix 
increase 13 . These findings agree with the clinical observation that presence 
at endoscopy of red color signs, such as the red wale markings, red spots 
and reddish discoloration of the variceal wall, is an independent predictor 
of the risk of bleeding from esophageal or fundal varices 41 . The red color 
signs are thought to correspond to areas where the variceal wall is 
extremely thin. 

Variceal wall tension 

The above discussion considered several factors involved in the pathophysio- 
logy of variceal bleeding, but that by themselves are unable to explain the 
mechanism of variceal rupture. However, all these factors are mutually 
interrelated in the concept of variceal wall tension, which is presently 
accepted as the key factor in variceal rupture 12,13 . Variceal wall tension is 
the force generated by the variceal wall opposing further distension. 
According to Frank’s modification of Laplace’s law, variceal wall tension is 
directly proportional to the transmural variceal pressure (the difference 
between intravariceal and esophageal luminal pressure) and the radius of 
the varix, and inversely proportional to the thickness of the variceal wall 
(Figure 2). Variceal bleeding is thought to occur when the tension exerted 
over the thin wall of the varices goes beyond a critical value determined by 
the elastic limit of the vessel (Figure 3) 13 . 

This pathophysiologic concept fits perfectly with clinical observations 
showing that increased variceal pressure, increased variceal size and presence 
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Figure 2. Laplace’s Law applied to esophageal varices explains how different factors interact 
in the pathophysiology of variceal bleeding 
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Figure 3. Natural history of variceal bleeding as a function of variceal wall tension. The solid 
line illustrates the evolution of untreated patients. Variceal wall tension increases markedly as 
a result of an increase in HVPG above threshold for variceal formation, enlargement of the 
varices, and reduction of variceal wall thickness. Once wall tension increases to values exceeding 
the elastic limit of the varices, the patient may experience his first bleeding episode. After this 
the patient remains at a high risk of rebleeding unless wall tension is decreased. This is achieved 
by reducing HVPG to < 12 mmHg (optimal response) or by > 20% of baseline pretreatment 
values (good response). Primary prophylaxis protects from the risk of bleeding by preventing 
or delaying variceal wall tension reaching the rupture point 
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# p<0.01 vs changes in variceal pressure and radius 



Figure 4. Summary of the changes caused by the acute increase of intra-abdominal pressure 
on variceal pressure, radius and wall tension 



of red color signs are, alone or in combination, predictors of the risk of 
variceal bleeding 12,39-43 . 

The elastic limit of the varix is influenced by external tissue support, 
which is almost nil in the varices. Experimental studies using artificial varices 
have shown that, in vessels without tissue support, wall tension increases 
disproportionately to rises in transmural pressure 13 . Clinically, this phenom- 
enon explains why esophageal varices bleed and paraesophageal varices and 
other collaterals, although frequently being greater in size, do not. 

Few studies have assessed variceal wall tension in patients with cirrhosis. 
Rigau et al. 12 estimated variceal wall tension by the combination of the 
endoscopic measurement of variceal pressure and the semiquantitative esti- 
mation of variceal size. Their results showed that bleeders had significantly 
higher values of “estimated” wall tension than non-bleeders 12 . More recently, 
wall tension has been calculated from objective measurements of variceal 
diameter using endosonography, combined with the endoscopic measure- 
ment of variceal pressure. Such a combined technique has shown that 
increasing intra-abdominal pressure, as it occurs in patients with ascites or 
abdominal muscle strain, significantly increases variceal pressure, variceal 
volume and variceal wall tension, suggesting that increased intra-abdominal 
pressure may contribute to the progressive dilation that precedes the rupture 
of the varices (Figure 4) 26 . Pharmacologic therapy with beta-blockers sig- 
nificantly decreased these parameters, which may correlate with its clinical 
efficacy 46 . 

Increased blood volume 

An increased blood volume is a constant finding in portal hypertension. 
This plays a key role in maintaining the hyperkinetic circulation of portal 
hypertension 47 . The administration of a low-sodium diet and spironolactone 
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in patients with compensated cirrhosis reverses the increase in blood volume 
and significantly reduces portal pressure 47,48 . Interestingly, portal hyperten- 
sive animals maintained on a low sodium diet since the induction of portal 
hypertension had a diminished formation of collaterals compared to animals 
kept on normal sodium intake 47 . Altogether, these results suggest that an 
increased blood volume may contribute to the formation of collaterals. 

Moreover, acute increments of intravascular volume may lead to a further 
increase in portal and variceal pressure, and thereby promote variceal hemor- 
rhage in patients already with high variceal wall tension (close to the elastic 
limit of the vessel). This situation is best exemplified by the patient in whom 
hemostasis from variceal bleeding has recently been achieved. In this case 
an expansion of the intravascular volume may precipitate variceal rebleeding. 
Blood volume restitution should be done with great care and very conserva- 
tively, since experimental studies have shown that blood volume restitution 
after a hemorrhage may produce an increase of portal pressure beyond 
baseline values 49 and that blood replacement worsens the hemorrhage 50 . 
The hypovolemia caused by bleeding elicits reflex splanchnic vasoconstric- 
tion, which reduces portocollateral blood flow and portal pressure, which 
tends to spontaneously arrest the bleeding. This is reverted, and even aggra- 
vated, by blood transfusion. 

ANATOMICAL FACTORS 

As previously mentioned, whenever portal pressure rises above normal 
values, collateral circulation begins to develop in an attempt to decompress 
the portal system. In humans, different anastomotic venous systems between 
portal and systemic circulations have been described 3 . The most common 
and important collaterals are the cephalad vessels, formed through the 
dilation of the left gastric (coronary) vein and the short gastric veins. The 
left gastric vein arises from the portal vein and is the main factor responsible 
for the development of esophageal varices. The short gastric veins, arising 
from the splenic vein, are responsible for the dilation of fundal and gastroeso- 
phageal varices, in association with the polar gastric vein when present. 

The palisade zone of the esophagus acts as the critical area for variceal 
rupture 4 due to its physiologic role as spontaneous communication between 
the portal and systemic circulations, through the azygos venous system. In 
chronic portal hypertension this zone becomes congestive due to an increased 
pressure and blood flow 5 . The perforating or transitional zone is charac- 
terized by having tortuous and dilated vessels running in the submucosa 
and connected with the paraesophageal venous system by perforating veins. 
In portal hypertension these vessels dilate, become incompetent and, due to 
the continuous variations in pressure with the respiratory cycle, allow retro- 
grade and turbulent blood flow from the paraesophageal to the submucosal 
veins. This has been proposed as another important mechanism for the 
development of esophageal varices (Figure 5) 51 . 

It has been further hypothesized that decreases in lower esophageal sphinc- 
ter (LES) pressure may play a role in the development of varices 51 . In that 
regard some studies suggest a beneficial effects of drugs such as metoclopram- 
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Figure 5. The perforating veins connect the paraesophageal and submucosal venous plexuses. 
These veins are dilated in portal hypertension and become incompetent, facilitating retrograde 
flow from the paraesophageal veins into the esophageal varices and creating turbulences. These 
factors, together with the increased portal pressure and collateral blood flow, contribute to the 
dilation of the varices. 
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PERSISTENCE OF VARICEAL HEMORRHAGE 

Once varices bleed, the factors determining the severity and continuation of 
the hemorrhage may differ from those that have initiated the bleeding 13 . 
Although multiple factors could be involved, the severity of bleeding is 
thought to be directly proportional to variceal pressure and to the area of 
the varix rent and inversely proportional to blood viscosity 13 . Blood viscosity 
is inversely related to the hematocrit. Thus, expansion with crystalloid fluids 
or anemia may decrease viscosity and increase bleeding after variceal rupture. 
In addition, experimental studies have shown that changes in blood hemo- 
globin result in nitric oxide-mediated changes in vascular tone, due to the 
fact that hemoglobin is an important physiologic inactivator of nitric oxide 54 . 
Thus, a reduced hemoglobin concentration contributes to aggravate splanch- 
nic vasodilation. 

The area of variceal rent can be physiologically modified by an efficient 
primary hemostasis. This may explain why advanced cirrhotics, with more 
severe coagulopathy, usually have more severe bleeding episodes. 
Interestingly, the coagulopathy of cirrhosis is markedly improved by 
rFVIIa 55,56 , which in a recent double-blind placebo-controlled randomized 
controlled trial has been shown to improve the outcome of bleeding in 
Child-Pugh B and C cirrhotic patients 57 . 
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Approaches to the management of 
pediatric portal hypertension: 
results of an informal survey 

BENJAMIN L. SHNEIDER 



INTRODUCTION 

Portal hypertension and its related complications are major clinical issues 
in pediatric hepatology. The leading cause of significant liver disease in 
children is biliary atresia. The biliary injury in this disorder is associated 
with prominent portal hypertension at disease stages where synthetic liver 
function is typically intact. Thus the relative contribution of complications 
of portal hypertension to morbidity and mortality in liver disease is greater 
in children than in adults. In children with biliary atresia, prominent portal 
hypertension is often present at the time of corrective hepatoportoenteros- 
tomy (Kasai procedure) and it progresses over relatively short periods of 
time 1 . The rate of progression of the portal hypertension is related to 
outcome after hepatoportoenterostomy, with more accelerated progression 
in children with failed procedures or with recurrent cholangitis 2 . 
Complications that are a direct result of this portal hypertension are 
common. Variceal hemorrhage occurs in a large percentage of children, often 
within the first 5 years of life 2-7 . Ascites, hepatopulmonary syndrome, rectal 
varices/colopathy, stomal hemorrhage, and pulmonary hypertension have 
also been described in children with biliary atresia 8-13 . 

Evidence-based approaches to the management of portal hypertension in 
children do not exist 14 . This is in stark contrast to the extensive array of 
randomized trials and meta-analyses that have been performed in adults 15 . 
Pediatric hepatologists must instead rely on their clinical experience and a 
growing anecdotal pediatric literature in the context of the previously men- 
tioned adult experience. In order to ascertain current management 
approaches in pediatric portal hypertension, a survey was recently sent to 
35 pediatric gastroenterologists at 35 different centers who have practices 
that concentrate on the care of children with liver disease. Anonymous 
responses were obtained from 30 of these individuals. The survey was not 
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intended to ascertain the “correct” approach, but instead to investigate the 
range of practices that exist in the setting of a lack of pediatric-specific 
evidence-based approaches. 

The survey, which investigated several aspects of portal hypertension, was 
conducted in the context of the following case: 

The following questions pertain to an 8-year-old child who is status 
post-portoenterostomy for biliary atresia. He is clinically well with the 
exception of portal hypertension. In particular he has normal growth 
and development and no history of complications of his liver disease. 
Pertinent laboratory findings include: platelet count 65000, albumin 
3.3 g/dl, total bilirubin 1.6 mg/dl, prothrombin time 13.2 s. 

Several questions were then asked related to surveillance, primary prophy- 
laxis, acute management, and secondary prophylaxis. 



SURVEILLANCE 
Esophageal varices 

Do you perform surveillance procedures to look for esophageal varices? 
(yes 63%, no 37%). If yes, what procedure do you use? (endoscopy 
79%, esophagram 5%, ultrasound 26%). If yes, what is the frequency 
of your surveillance? (6 months 15%, 12 months 78%, 24 months 7%). 

Surveillance for varices in children is typically performed by endoscopy 
(79%). Surveillance endoscopy in children typically requires significant seda- 
tion and/or general anesthesia. As an invasive procedure it is justified only 
if there is a significant benefit to be derived from the identification of varices. 
Presumably the 37% of centers that do not perform surveillance have chosen 
this method because of a lack of perceived benefit, while the remainder have 
concluded that there are potential benefits. One benefit might be prognostic, 
especially in children who live in remote locations where documentation of 
presumably worrisome varices might impact on management approaches 
and counseling. In adults the finding of large varices portends a poor 
immediate prognosis 16 . Special care must be taken in direct application of 
this finding to children, as the types of diseases that predispose to the 
development of cirrhosis in adults are quite different from those in children. 
In most circumstances cirrhosis in adults is the result of hepatocellular 
diseases such as hepatitis C or alcohol-related disease. In these disorders 
complications of portal hypertension are late manifestations and occur at a 
time when hepatic reserve may be low. In contrast, pediatric cholestatic 
disorders such as biliary atresia appear to have much more significant portal 
hypertension early in the course of the disease. Variceal hemorrhage alone 
does not necessarily predict higher mortality in children with biliary atresia 6 . 

Hepatopulmonary syndrome 

Do you perform screening for hepatopulmonary syndrome? (yes 58%, 
no 42%). If yes, what method do you use for screening? (oxygen satura- 
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tion 87%, contrast echocardiography 27%, macroaggregated albumin 
scanning 13%). 

The prevalence of hepatopulmonary syndrome in children with cirrhosis is 
not well characterized, although two large studies have revealed markedly 
different results 9,17 . Universal screening might, at a minimum, clarify the 
prevalence of this problem. Transcutaneous oxygen saturation measurement 
in the upright position (87%) is a simple and reliable screening method for 
physiologically significant desaturation, while contrast echocardiography 
(27%) is exceptionally sensitive in identifying intrapulmonic shunting. 
Macroaggegated albumin scanning (13%) is an involved nuclear imaging 
study that can quantify the degree of shunting and may clarify the role of 
shunting in children with underlying pulmonary disease (e.g. cystic fibrosis). 
Despite the potential simplicity of screening, 42% of centers do not do so, 
presumably because of the lack of consensus of the management of affected 
children. The natural history of the child with mild shunting has not been 
well described; however, identification of significant hepatopulmonary syn- 
drome may ultimately impact on management decisions, especially as they 
pertain to portosystemic shunting and liver transplantation. 

PRIMARY PROPHYLAXIS 

Do you institute prophylactic treatment prior to variceal bleeding? (yes 
84%, no 16%). If yes, please list your approach ((3-blocker 88%, sclero- 
therapy 6%, band ligation 38%). 

Surveillance endoscopy is typically predicated upon the concept of primary 
prophylaxis of variceal hemorrhage. Interestingly 16% of respondents per- 
formed surveillance procedures presumably for purposes of determining 
prognosis, as there was no plan for primary prophylaxis. The use of non- 
specific (3-blockers for primary prophylaxis of varices, which is well accepted 
in adults, leads to a statistically significant reduction in the risk of variceal 
hemorrhage; however, one must treat 10 patients for life in order to prevent 
one episode of bleeding 18,19 . A beneficial effect on mortality is more difficult 
to demonstrate. Unfortunately, the hemodynamic parameters for effective 
(3-blockade in children are unknown. Eighty-eight percent of the respondents 
depend upon anecdotal studies that suggest dosing ranges and indicate 
presumed safety 20-23 . The use of prophylactic band ligation in adults is 
controversial. The reduced rates of complications associated with band 
ligation therapy relative to sclerotherapy have increased the enthusiasm for 
banding as an endoscopic approach to primary prophylaxis. In adults it 
appears that risk of hemorrhage after ligation is reduced relative to p-blocker 
therapy, although this does not translate into a change in mortality 24 ; 
therefore it appears that the use of prophylactic band ligation in children 
(38%) is in response to results of published studies in adults. This is a 
relatively invasive approach in children, where the benefit is not known. 

ACUTE THERAPY 

In the event of hemodynamically significant acute gastrointestinal bleed- 
ing do you perform endoscopy? (yes 100%, no 0%). If yes, immediately 
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(20%) or after medical treatment (80%). What is included in your 
approach to hemodynamically significant acute gastrointestinal bleed- 
ing (check all that are used)? Nasogastric tube (80%), intravenous 
antibiotics (13%), vasopressin (10%), somatostatin (10%), octreotide 
(93% typically 1-2 pg/kg per hour), occlusion tube (13%), endo- 
scopic (7%). 

In one of the only universally agreed-upon management issues, endoscopy 
was recommended for all patients. The importance of identification of the 
source of hemorrhage is well understood 25 . Few centers (20%) prefer to 
perform emergent endoscopy, but instead most medically stabilize patients 
prior to diagnostic/therapeutic endoscopy. The lack of uniform use of naso- 
gastric tubes (20% not recommending) in the early management of variceal 
hemorrhage is surprising. There is clear benefit to monitoring the rate of 
bleeding. More importantly, removal of gastric blood may reduce portal 
pressures and therefore reduce on-going bleeding and/or the risk of recurrent 
hemorrhage 26 . Octreotide appears to be the vasoactive agent of choice 
(93%), despite a lack of clear data in adults demonstrating efficacy in the 
setting of acute variceal hemorrhage 27 . Antibiotic usage (13%) was not 
typically part of the management of acute variceal hemorrhage, although 
there is growing evidence that this is being reconsidered by many centers 28 . 

SECONDARY PROPHYLAXIS 

The following questions pertain to the same 8-year-old child who is 
status post-portoenterostomy for biliary atresia. He has had a hemody- 
namically significant esophageal varix bleed, which required a single 
red blood cell transfusion. He is clinically stable after initial medical 
management. Your recommendation for secondary prophylaxis of vari- 
ceal hemorrhage for this particular patient would include which of the 
following: P-blockade (54%), sclerotherapy (15%), band ligation (88%), 
TIPS (0%), surgical shunt (4%), transplantation (0%). 

A combination of p-blocker therapy and endoscopic band ligation appears 
to be the general consensus (54%) to the approach for prevention of recur- 
rent hemorrhage. The use of band ligation over sclerotherapy is supported 
by the only randomized pediatric portal hypertension related trial that has 
been published to date 29 . Although this study examined children with extra- 
hepatic portal vein obstruction, the findings are likely to be applicable to 
biliary atresia. The use of combined therapy is in line with current 
approaches for adults, although it is not clear if P-blockade alone (one 
center) is a potentially less invasive option for initial secondary prophylaxis 
in children. It is worth noting that no center views variceal hemorrhage as 
an indication for immediate transplantation. This is consistent with a recent 
report that indicates a favorable long-term prognosis after first variceal 
hemorrhage in children with functioning portoenterostomies 6 . 

SECONDARY PROPHYLAXIS: RECURRENT HEMORRHAGE 

In the circumstance of recurrent esophageal varix hemorrhage 8 months 
after successful prior therapy (above) what is your recommendation for 
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this specific patient (other clinical parameters unchanged); (3-blockade 
(15%), sclerotherapy (4%), band ligation (38%), TIPS (38%), surgical 
shunt (15%), transplantation (38%). 

The prevention of recurrent hemorrhage is clearly the most controversial. 
A significant number of respondents chose to continue and/or reapply the 
previous treatment strategy, despite this early rebleeding episode. TIPS is a 
common choice (38%) in spite of concerns about long-term patency in both 
children and adults. Recurrent hemorrhage is an apparent indication for 
some (38%) to proceed with liver transplantation in the setting of relatively 
intact liver function and evidence of adequate bile flow. Interestingly, only 
13% of centers recommended the use of surgical portosystemic shunting, 
despite its potential long-term palliation of the portal hypertension in this 
child 30-32 . It is unclear whether this represents excessive concern for the risk 
of the development of encephalopathy, or whether it indicates a lack of 
recent surgical expertise with this procedure in young children. 

In summary, the lack of consensus in the approach to the management 
of portal hypertension in children is understandable given the absence of 
evidence-based studies. This survey and review of the pediatric literature 
clearly highlight the great need for prospective collaborative investigations 
of optimal treatment of pediatric portal hypertension. 
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Therapeutic tools in portal 
hypertension: drugs 

AGUSTIN ALBILLOS 



INTRODUCTION 

Portal hypertension often complicates the course of chronic liver disease 
and is a principal cause of mortality. Improvements in treating this complica- 
tion made towards the end of the past century have been the consequence 
of several major achievements in our understanding of the pathophysiology 
of portal hypertension: 

1. Increased intrahepatic vascular resistance (IHVR) to portal blood flow 
is the factor that initiates portal hypertension, but increased splanchnic 
blood flow due to splanchnic vasodilation contributes to maintain and 
aggravate this portal hypertension. Based on this finding, splanchnic 
vasoconstrictors are currently used to treat portal hypertension. As do 
beta-blockers, these reduce portal pressure, decreasing splanchnic blood 
flow. 

2. In the cirrhotic liver, increased IHVR is the result of fixed elements (i.e. 
extracellular matrix, regenerative nodules, and vascular thrombosis) and 
elements that can be modulated (i.e. endothelial and stellate cells) 1 . 
Although the resistance provided by each of these modulatable and fixed 
elements is difficult to quantify precisely, vasodilators can reduce portal 
resistance up to 15% in the perfused cirrhotic rat liver 2 . This drop 
represents about 30% of the difference in resistance between the cirrhotic 
and normal liver. The dynamic component of the IHVR is a consequence 
of an enhanced vascular tone, secondary to an imbalance between vaso- 
constrictor and vasodilatory stimuli. Recent evidence indicates that a 
deficient intrahepatic release of nitric oxide (NO) plays a key role in the 
hepatic endothelial dysfunction of cirrhosis 3,4 . In the normal liver the 
sinusoidal endothelial cells basally produce NO and increase its pro- 
duction in response to flow 5,6 . In contrast, the cirrhotic liver fails to 
produce NO in response to incremental flow 7 . Endothelial(e)-NO syn- 
thase (NOS) and protein levels are unaltered, but endothelial-derived NO 
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is impaired 6 . Since eNOS is extensively modified at the post-translational 
level, deficient NO release could be the consequence of an abnormality 
in one of these biochemical modifications occurring after injury to sinusoi- 
dal endothelial cells. For example, caveolin-1 controls eNOS activity, and 
increased binding of caveolin to eNOS in cirrhosis is associated with 
reduced eNOS activity 7 . In addition, protein kinase B (Akt) phosphoryl- 
ates eNOS and enhances its ability to generate NO. Down-regulation of 
Akt activity is responsible, in part, for the diminished NO production 
observed in cirrhotic livers, and constitutes another potential target for 
restoring hepatic endothelial function 8 . The hepatic vascular tone of the 
cirrhotic liver is also influenced by an increased production and exagger- 
ated response to vasoconstrictors, such as endothelin-1 9 , angiotensin II 10 , 
norepinephrine 11-14 , thromboxane and leukotrienes 15,16 . Knowing that 
an increased intrahepatic vascular tone contributes toward increasing 
portal pressure has provided a rational basis for the use of vasodilators 
to treat portal hypertension. 

3. The third important concept is the correlation between the value or 
change in portal pressure, as measured by the hepatic venous pressure 
gradient (HVPG), and clinical events (i.e. variceal formation and bleed- 
ing). Pharmacological or spontaneous reduction in portal pressure to 
below 12 mmHg, or more than 20% from baseline, leads to a null or low 
(~ 10%) risk of variceal bleeding, respectively 17-22 . Pharmacological treat- 
ment seeks to achieve this reduction in portal pressure since it is known 
that this will lessen the risk of variceal bleeding and other complications 
of cirrhosis 23 . Non-response to vasoactive therapy is the most important 
independent risk factor for variceal bleeding 23 . 

This chapter will briefly overview the spectrum of drugs available for the 
long-term treatment of portal hypertension. 

DRUGS THAT REDUCE SPLANCHNIC BLOOD FLOW: 
SPLANCHNIC VASOCONSTRICTORS 

Non-selective beta-adrenergic blockers (propranolol, nadolol) are still the 
mainstay long-term medical treatment for portal hypertension. However, 
only 30-40% of the patients under long-term beta-blocker therapy reduce 
their portal pressure > 20% from baseline or to levels < 12 mmHg (respond- 
ers) 22,24,25 . The HVPG response during continuous beta-blocker therapy is 
unpredictable. Individual sensitivity to beta-blockers varies, and is deter- 
mined by factors such as age and genetic beta-adrenoceptor polymorphism 
and, in the cirrhotic patient, by the extent of liver damage and of portal- 
systemic collaterals and varices 26,27 . Related to this, previous variceal bleed- 
ing is an independent risk factor for the non-response of portal pressure to 
beta-blockade 28 . There are several issues we can consider to minimize non- 
response to beta-blockers. The first relates to the optimal dose of beta- 
blockers in the portal hypertensive patient. The beneficial effect of beta- 
blockers on portal hypertension stems both from the portal pressure reduc- 
tion achieved by lowering portal venous inflow through cardiac output 
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reduction (by blockade of beta- 1 cardiac receptors) and through splanchnic 
arteriolar vasoconstriction (by blockade of beta-2 vascular receptors), and 
from portal-collateral (variceal) blood flow reduction through portal venous 
inflow reduction and constriction of the collateral vessels (by beta-2 block- 
ade) 26 . Currently the dose of beta-blockers is titrated against the degree of 
beta- 1 -adrenoceptor blockade, by stepwise increases in dose until the heart 
rate decreases by 25% or below 55 bpm, or the appearance of arterial 
hypotension or clinical intolerance. However, the fall in portal pressure 
depends not only on the degree of beta-1 blockade, but also on beta-2 
blockade; indeed, early studies in which patients received incremental doses 
of propranolol irrespective of the heart rate response showed that the higher 
the dose, the higher the number of responders 29 . The dose of propranolol 
has recently been identified as an independent predictor of the portal pressure 
response to this drug 23 . This suggests that the number of responders can be 
increased by titrating beta-blockers against clinical tolerance up to the 
maximum tolerated dose. The choice of the type of beta-blocker is another 
aspect to consider. The hemodynamics and clinical efficacy of the two non- 
cardioselective beta-blockers used in portal hypertensive patients seem to 
be similar, although we have more experience with the use of propranolol. 
Theoretically, nadolol has the advantages of single-day dosing, and causing 
less asthenia because of reduced lipid solubility and entry into the central 
nervous system 30 . Timolol, a beta-blocker with low liposolubility and greater 
beta-2 adrenoceptor blocking effect, has been associated with a high inci- 
dence of adverse effects requiring drug reduction or withdrawal in a recent 
placebo-controlled trial on pre-primary prophylaxis of variceal bleeding 31 . 
Finally, beta-blockers have been combined with other synergistically acting 
drugs (nitrates, prazosin, spironolactone) as a way of enhancing their effec- 
tiveness in lowering portal pressure and increasing the number of responders. 

DRUGS THAT DECREASE INTRAHEPATIC VASCULAR 
RESISTANCE: VASODILATORS 

The armamentarium for the therapy of portal hypertension has expanded 
in the direction of vasodilators. Although the spectrum of available agents 
is ever broader, only nitrovasodilators, which were the first used to treat 
portal hypertension in 1982 32 , have so far been tested in randomized trials 
with clinical end-points (i.e. variceal bleeding). The ideal vasodilator should 
reduce portal pressure by selectively relaxing the increased vascular resis- 
tance of the cirrhotic liver, while enhancing or maintaining hepatic blood 
flow. Hepatic vascular relaxation can be attempted by restoring the deficient 
hepatic NO delivery, or blocking the increased activity of vasoconstrictors. 
However, most of the available agents are not selective of the hepatic 
microcirculation, and worsen systemic and splanchnic vasodilation 33 . 

Specific and non-specific liver NO donors 

Nitrovasodilators, specifically organic nitrates such as isosorbide mononi- 
trate (ISMN), were used to lower portal pressure long before the discovery 
of NO. Organic nitrates are prodrugs from which NO is liberated enzymati- 



177 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



cally 34 . Hemodynamic studies in human and experimental cirrhosis suggest 
that nitrates reduce portal pressure by: decreasing the IHYR; inducing a 
baroreflex-mediated splanchnic arterial vasoconstriction (secondary to a 
decrease in arterial pressure) with a consequent reduction in portal blood 
flow; reducing vascular resistance in the collateral circulation; or most likely 
a variable combination of these mechanisms 35,36 . ISMN is inadequate as 
single therapy, since it reduces arterial pressure even at the minimum dose 
capable of decreasing portal pressure 37 ; indeed, when compared with pro- 
pranolol or placebo, ISMN fails to show a benefit for the primary prevention 
of variceal bleeding and may even increase mortality in patients older than 
50 years 38,39 . The prevailing systemic rather than intrahepatic vasodilation 
achieved by organic nitrates stems from three factors: impaired metabolizing 
of nitroglycerin to NO by the cirrhotic liver, bypass of liver microcirculation 
through portal-systemic collaterals of orally administered ISMN, and the 
up-regulation of endothelial NO pathways in the splanchnic and systemic 
circulation 4,33,40 . The real benefit of ISMN is observed when this agent is 
combined with beta-blockers. Combination therapy enhances the fall in 
portal pressure by beta-blockers alone, increasing the number of responders 
by about one-third 24,25 . To achieve this effect, ISMN counteracts the increase 
in portohepatic outflow resistance (secondary to unopposed beta-adrenergic 
activity) and in portocollateral resistance (secondary to passive collapse and 
active beta-2 blockade mediated constriction of the collaterals) caused by 
beta-blockers, which hinder their portal pressure-lowering action 26 . The 
benefit of combined therapy in terms of portal pressure reduction is restricted 
to subjects not responding to beta-blockers alone; portal pressure does not 
fall further after the addition of ISMN in beta-blocker responders 25 . Further, 
beta-blockers limit the untoward effects of ISMN on renal function and 
arterial pressure, since beta-blockade increases peripheral vascular resistance 
and blocks renin secretion 25 . However, side-effects requiring withdrawal of 
therapy are almost twice as likely in patients on combined therapy as in 
those receiving beta-blockers alone 41,42 . 

These data indicate that the lack of hepatic selectivity of organic nitrates 
puts them in a position far from being the ideal drugs for the treatment of 
portal hypertension. Research has focused on the development of agents 
that selectively deliver NO to the liver and restore conditions of low NO 
release in the microcirculation of the cirrhotic liver. A highly selective hepatic 
NO donor could be used as a single drug at doses high enough to effectively 
reduce portal pressure, without the need for combination with other drugs. 
For the time being, these strategies have only been developed in the experi- 
mental setting: 

1. Liver-specific donors. NCX-1000 is a stable compound obtained by adding 
a NO-releasing moiety to ursodeoxycholic acid (UDCA) 43 . Two recently 
published studies have tested the hemodynamic effects of the long-term 
administration of NCX-1000 in rats with established cirrhosis and portal 
hypertension. One study uses the CC1 4 cirrhotic rat model (considered as 
the model that best mimics the disease in humans), and the other uses 
the bile duct-ligated (BDL) model 44,45 . In both studies, NCX-1000 attenu- 
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ated the hyperresponse to alpha-adrenergic stimulation of the perfused 
cirrhotic rat liver. In BDL rats, NCX-1000 markedly reduced baseline 
portal pressure 43 , while in CC1 4 cirrhotic rats the compound failed to 
modify portal pressure, and only blunted the portal pressure increase 
induced by blood volume expansion 44 . The published results are promis- 
ing, but preliminary; they show that it is possible to selectively deliver 
NO to the liver and modify hepatic, but not systemic, hemodynamics. If 
the results of the study on CC1 4 cirrhotic rats are confirmed, as a NO 
donor, it is thought that NCX-1000 may prevent further increases in 
portal pressure secondary to increases in portal blood flow, and may be 
of use as a adjuvant to portal pressure-lowering agents. 

2. Gene transfer of NO-synthase. Hepatic gene transfer of the endothelial 
and neuronal isoforms of NOS enhanced NOS expression and NO synthe- 
sis, and reduced portal pressure in two different models of cirrhosis and 
portal hypertension 46-48 . Gene therapy is, nevertheless, complex and risky, 
and for the time being this approach can only be considered experimental. 

3. Activation of Akt-dependent eNOS phosphorylation. Adenoviral delivery 
of constitutively activated Akt has been found to restore hepatic eNOS 
phosphorylation and NO synthesis, lowering portal pressure 8 . Akt-depen- 
dent endothelial NOS phosphorylation in cirrhosis can also be pharmaco- 
logically increased with simvastatin. In the short term simvastatin 
increases the hepatosplanchnic output of NO and decreases hepatic resis- 
tance in patients with cirrhosis 49 . 

NO is not the only therapeutic target that will modulate the increased 
hepatic vascular tone that arises from an imbalance between a lack of 
vasodilators (i.e. NO) and surplus of vasoconstrictors in cirrhosis. 

Alpha-1 -adrenergic blockers 

The rationale for the use of alpha- 1 -adrenergic blockers in portal hyperten- 
sion lies in the enhanced systemic and splanchnic sympathetic nervous 
activity that occurs in cirrhosis, as well as in the hypersensitivity of the 
hepatic vasculature to norepinephrine 14 . Long-term prazosin administration 
markedly lowers portal pressure by reducing hepatic vascular resistance; the 
extent of the fall in portal pressure comparing favorably with that achieved 
by propranolol 12,13 . However, prazosin also lowers arterial pressure and 
peripheral vascular resistance, promoting sodium retention, plasma volume 
expansion and, in some patients, ascites formation. These findings preclude 
the use of this drug as a single agent. Interestingly, the combination of beta- 
blockers (propranolol) with prazosin has a synergistic effect on lowering 
portal pressure, whereas it attenuates the effects of prazosin on systemic 
hemodynamics 25 ; indeed, proportions of patients responding to prazosin 
plus propranolol (85%) have been greater than to propranolol and ISMN. 
However, tolerance to the combination of propranolol and prazosin was 
worse than to propranolol and ISMN, and a greater number of patients 
required discontinuation of the drugs because of side-effects. Based on these 
findings the most recent approach has been to test carvedilol, a non-selective 
beta-blocker with intrinsic anti alpha- 1 -adrenergic activity 50-53 ; as such its 
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effects mimic those of the propranolol/prazosin combination. When carvedi- 
lol was compared to propranolol in a randomized trial it gave rise to a 
greater reduction in portal pressure and a larger number of responders, but 
also induced greater arterial hypotension and derived systemic effects 53 . 
Thus, carvedilol would need to be tested in randomized controlled trials 
with clinical endpoints before widespread use. 

Renin-angiotensin system blockers 

Angiotensin-II (AT-II) is a powerful vasoconstrictor formed by activation 
of the renin-angiotensin system, commonly observed in patients with 
advanced cirrhosis and found to be related to portal pressure 54 . AT-II can 
contribute to the genesis of portal hypertension in several ways: it increases 
hepatic resistance in isolated perfused cirrhotic livers 9,55 , which is probably 
the result of contraction of vascular smooth muscle cells and hepatic stellate 
cells, and it promotes the formation of transforming growth factor beta and 
liver fibrogenesis, which may worsen portal hypertension 10,56 . Further pos- 
sible mechanisms contributing to the portal hypertensive effect of AT-II are: 
increasing the adrenergic vasoconstrictor effects on the portal system, and 
sodium and fluid retention, induced by the stimulation of aldosterone secre- 
tion 57 . These mechanisms are all consistent with the idea of blocking the 
activity of AT-II as a way of decreasing portal pressure. However, activation 
of the renin-angiotensin system is a homeostatic response that maintains 
arterial pressure when faced with ongoing vasodilator synthesis. An initial 
non-randomized trial reported a dramatic effect of the long-term administra- 
tion of losartan, an AT-II receptor blocker, in patients with portal hyperten- 
sion 58 . These results were not, however, confirmed in four randomized trials 
comparing losartan and ibersartan (another AT-II receptor blocker) with 
propranolol or placebo 59-62 . Losartan and ibersartan caused a null or only 
slight decrease in portal pressure in three of these trials, but caused marked 
arterial hypotension and renal function impairment in patients with 
advanced disease and high plasma renin activity 59,60 . In a fourth, recently 
published trial, including a large number of alcoholic patients, the lowering 
effect on portal pressure by losartan was similar to that shown by proprano- 
lol 63 . In view of all these data, AT-II receptor blockers are not recommended 
for the treatment of portal hypertension. 

Endothelin receptor blockers 

Apart from NO, endothelin- 1 is the most potent regulator of hepatic vascular 
tone. Endothelin- 1 receptors are particularly numerous on stellate cells, 
where they affect vascular tone 64 . In cirrhosis the increased local production 
of endothelin and enhanced endothelin- 1 receptor expression in stellate cells 
contribute toward increasing IHVR 9,64,65 . Selective blockade of ET A recep- 
tors, which mediate the contraction and proliferation of hepatic stellate cells, 
would be a good approach to treating portal hypertension. Attempts to 
block endothelin- 1 receptors have been made in several experimental settings 
and designs, including different models of cirrhosis, acute and chronic block- 
ade, mixed ET A -ET B receptors or selective ET A blockers 66-70 . To date these 
studies have yielded conflicting results precluding any firm conclusions. 
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INTRODUCTION 

Endoscopy plays a central role in the management of portal hypertension 
contributing to: early detection of esophageal and gastric varices (EGV); 
stratification of patients in terms of their risk of bleeding; primary or second- 
ary prophylactic therapy; monitoring the effect of prophylactic therapies on 
bleeding risk; and treatment of acute variceal bleeding, portal hypertensive 
gastropathy (PHG), and ectopic varices. The goal of this chapter is to 
provide an evidence-based approach to the endoscopic management of 
portal hypertension. 

ENDOSCOPY IN PRIMARY PROPHYLAXIS 
Screening 

The detection of esophageal varices (EV) in patients with cirrhosis has been 
used to direct therapy for the primary prevention of variceal bleeding. Up 
to 90% of patients with cirrhosis develop EGV during their lives and up to 
40% develop variceal bleeding 1 . Variceal bleeding is a major cause of death 
in patients with cirrhosis 2 and the mortality rate with the first episode of 
bleeding is high (20-50%) 3,4 . Several randomized controlled trials (RCTs) 
have confirmed that medical and endoscopic therapies may reduce the risk 
of variceal bleeding and possibly death 5 . Therefore, a strategy of endoscopic 
screening followed by primary prophylactic therapy has the potential to 
reduce morbidity, increase survival and lessen attendant health care costs. 

Whether all patients with cirrhosis should undergo endoscopic screen- 
ing (universal screening) is controversial. The American College of 
Gastroenterology (ACG) and the American Association for the Study of 
Liver Disease (AASLD) recommend a screening endoscopy in patients with 
cirrhosis every 2 years followed by medical prophylactic therapy in patients 
with large varices 6,7 . However, the efficacy of endoscopic screening in an 
unselected population of patients with cirrhosis is unproved. In contrast, a 
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benefit is established for high-risk patients selected according to clinical 
criteria. A recent cost-effectiveness analysis has shed more light: empiric (i- 
blocker therapy for the primary prophylaxis of variceal bleeding was a cost- 
effective strategy while the use of screening endoscopy to guide therapy 
added a significant cost with only a marginal increase in effectiveness 8 . 
Prospective comparisons of empiric versus screening-directed prophylaxis 
are needed. 

Selective screening endoscopy 

What means are available to select high risk patients for endoscopic screen- 
ing? The clinical factors that correlate with a higher bleeding risk are 
Child-Pugh classes B and C (in particular, the parameters ascites and 
encephalopathy), advanced age, and alcohol-induced cirrhosis 9 . One should 
also consider the patient’s life expectancy, comorbid illnesses (e.g. hepatocel- 
lular carcinoma), and motivation. The ratio of the platelet count to the 
maximum spleen diameter measured ultrasonographically may predict the 
presence or absence of EV. This ratio was independently associated with 
the presence of EY in a multivariate analysis of cirrhotic patients including 
those with compensated cirrhosis 10 . A platelet count (n/mm 3 ) to spleen 
diameter (mm) ratio > 909 confers a negative predictive value of 100% for 
the diagnosis of E V while a ratio < 909 confers a positive predictive value 
of 74%. 

Screening initiatives require affordable screening methods. Screening cir- 
rhotic patients according to the platelet count/spleen diameter ratio was far 
more cost effective than uniform endoscopic screening 11 . Unsedated transna- 
sal endoscopy, an attractive alternative to conventional endoscopy because 
of its lower cost, was compared to conventional endoscopy in 15 patients 
with cirrhosis 12 . Both methods detected 10 EV and 2 GV, but the transnasal 
approach missed one case of PHG. 

Although the efficacy of screening is apparent in high risk patients, physici- 
ans’ implementation of screening is far from complete. Only 46% of patients 
referred to a liver transplant center had undergone either endoscopy or 
radiological studies to detect varices 13 . 

Risk stratification of esophageal and gastric varices 

Once varices are identified on screening, the endoscopist must stratify the 
patients according to their risk of experiencing first bleeding in order to 
direct therapy targeted at reducing this risk. Stratification is based on 
endoscopic appearance, clinical and laboratory parameters. 

Esophageal varices 

Overall, unselected patients with known EGV have a low risk of variceal 
bleeding in the first year (3.5%) and the benefit of medical therapy is likely 
not better than placebo 14 . Propranolol did not prevent the development of 
large varices in patients with small or absent varices 15 . Therefore, a careful 
selection of patients who are most likely to benefit from P-blocker therapy 
is important in order to effectively manage their illness. Patients with large 
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Table 1. Bleeding risk based on the observed endoscopic findings 



Endoscopic finding 


Bleeding risk (%) 


Proximal extension 


Proximal 1/3 of esophagus 


62.6 


Distal 1/3 of esophagus alone 


26.3 


Size (“form”) 


FI (small and non-tortuous) 


15.0 


F2 (tortuous, < 50% of the radius of the esophagus) 


31.8 


F3 (very large and tortuous) 


67.6 


Color 


Blue 


79.4 


White 


45.7 


Red color sign 


Both RWM and CRS present 


75.7 


Both RWM and CRS absent 


17.4 


Hematocystic spots 


present 


100 


absent 


48.8 



RWM = Red wheal markings; CRS = Cherry-red spots 
Adapted and reprinted with permission from Beppu et al. 124 



varices should be considered for prophylactic therapy, either medical or 
endoscopic. 

Several classifications of EV are published and are used for risk stratifica- 
tion. Most employ endoscopic criteria with or without clinical and labora- 
tory criteria. Unfortunately, most are subjective and limited by significant 
inter-observer variability. 

The Japanese Research Society for Portal Hypertension (JRSPH) employs 
in its classification the variceal size, the variceal extension as measured 
proximally from the gastroesophageal junction, and the presence or absence 
of “red signs” 16,17 . The size or “Form” parameter is defined as: FO, no varices; 
FI, small and non-tortuous; F2, tortuous but less than 50% of the radius 
of the esophagus; and F3, very large and tortuous. The “red signs” are: red 
wheal markings (longitudinal dilated venules resembling whip marks), cherry 
red spots, and hematocystic spots. Red signs represent a small area of a 
varix with a thin weak wall, likely due to maximum distension of the vessel. 
These are suspected to be the actual sites of rupture of the varices. 
Hematocystic spots are thought to have the highest risk of rupture (see 
Table 1 ) and represent saccular out-pouches of the varix similar to aneurys- 
mal dilations 18 . Variceal growth over time carries an increased risk of 
bleeding. 

The Northern Italian Endoscopic Club (NIEC) developed a prognostic 
index to predict the risk of bleeding and thereby identify candidates for 
prophylactic therapy 19 . The index is based on data from a prospective study 
that followed 321 patients with cirrhosis and EV without prior bleeding. By 
multivariate analysis, the risk of bleeding was significantly related to the 
Child-Pugh class, the variceal size, and the presence of red wheal markings. 
A prognostic index based on these variables was devised to identify a subset 
of patients with a one-year incidence of bleeding > 65%. 



187 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



Objective determinants of bleeding risk are needed to lessen our reliance 
upon subjective evaluations which are prone to substantial inter-observer 
variability. The reference standard for the measurement of intravariceal 
pressure is direct intravariceal needle puncture. Unfortunately, this technique 
risks initiating bleeding; consequently, it is used only for investigational 
purposes. The hepatic venous wedge pressure gradient (HVWPG) is an 
indirect measure of intravariceal pressure. Several studies demonstrated that 
a HVWPG threshold exists such that a measurement greater than 12 mmHg 
predicts bleeding from varices, while a measurement less than 12 mmHg is 
associated with a minimal or absent risk. During (3-blocker therapy, the risk 
of bleeding may become absent or markedly diminished if the HVWPG is 
reduced below 12 mmHg or more than 25% below the pre-treatment 
HVWPG measurement. The HVWPG measurement is not widely available 
and not cost-effective for a majority of patients with large EV 20 . 

Endoscopic methods are being studied to measure esophageal variceal 
pressures indirectly. Rigau et al. 21 used a hemispheric latex membrane gauge 
that could be applied over a varix and perfused with a constant flow of 
nitrogen. Gertsch et al. 22 used a non-expandable transparent balloon fixed 
to the end of a regular endoscope. Miller et al. 23 used EUS to measure the 
cross-sectional surface area (CSA) of all of the EV in the distal esophagus 
in patients with no prior history of bleeding (n = 28). Using a cutoff of 
0.45 cm 2 , the sensitivity and specificity for future variceal bleeding was 83% 
and 75%, respectively. Miller et al. 24 also use EUS to measure the compres- 
sion of a varix by a latex balloon applied against it, while simultaneously 
measuring the balloon pressures. Other interesting techniques under develop- 
ment include: endoscopic Doppler imaging to guide the manometry of EV 25 ; 
and computer analysis of the red component of digital images to objectively 
quantify red signs 26 . 

Until these techniques are validated and more widely available, most 
clinicians must rely on the subjective endoscopic parameters in addition to 
the clinical and laboratory criteria. 

Gastric varices 

Several classifications are published 27,28 . The most popular classification is 
that by Sarin et al. 29,30 GV that are associated with EV are sub-classified 
into Type 1 (GOV1) and Type 2 (GOV2). GOV1 appears as a continuation 
of EV and extends 2-5 cm below the gastroesophageal junction. GOV2 
extends into the fundus of the stomach. Isolated GV (IGV) occur in the 
absence of EV and are further sub-classified: Type 1 IGV (IGV1) (Figure 3 A) 
are located in the fundus and fall short of the cardia by a few centimeters. 
Type 2 IGV (IGV2) include ectopic varices that can appear anywhere in 
the stomach. 

Is there a need to stratify GV in terms of their risk for bleeding? In view 
of the high mortality rate associated with bleeding, it may be argued that 
large GV, especially those with red signs, should be eradicated endoscopi- 
cally. This is controversial and there are no compelling studies available to 
support this approach. 
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Endoscopic therapy 

(3-Blockers are the mainstay of medical therapy, although nitrates may also 
be used. Endoscopic therapy is an alternative for patients in whom medical 
therapy is contraindicated because of heart block, asthma, diabetes, or severe 
heart failure. 

Endoscopic therapy is also indicated when medical therapy fails. 
Intolerance of (3-blockers requiring discontinuation of therapy occurs in 
approximately 30% of treated patients. Poor compliance represents another 
obstacle. Furthermore, medical therapy is unable to achieve a reduction in 
HVWPG to < 12 mmHg or more than 25% from baseline in up to 50% of 
patients. A potential strategy in these settings is to offer endoscopic therapy 
to achieve the desired reduction in portal pressure. However, this strategy 
demands reliable noninvasive methods for the measurement of variceal 
and/or portal pressures. 

The optimal treatment strategy has been sought in a number of compara- 
tive trials of various combinations of medical therapy and the endoscopic 
modalities. Important published studies are summarized below: 

EVS 

EYS is not recommended for the primary prophylaxis of EGY on its own 31 
or in combination with P-blockers 32 . 

EVL versus no treatment 

New treatment modalities should be tested against the current standard. 
EYL was compared to no treatment in several small studies 33-38 despite the 
availability of P-blocker therapy as the standard for primary prophylaxis. A 
meta-analysis of 5 RCTs including comparing banding with no treatment 
confirmed that banding reduced first variceal bleeding (RR 0.36; 95% Cl 
[0.26-0.5]), bleeding related mortality (RR 0.20; 95% Cl [0.11-0.39]), and 
overall mortality (RR 0.55; 95% Cl [0.43-0.71 ]) 39 . 

EVL versus medical therapy 

Sarin et al. 40 randomized 89 high-risk patients (variceal diameter > 5 mm) 
to either EVL {n = 45) or propranolol (n = 44) for the primary prevention 
of variceal bleeding. After 18 months, the actuarial probability of bleeding 
was significantly less with EVL than propranolol (15% vs. 43%). In 3 of 
the 4 patients from the EVL group who bled, first bleeding occurred before 
their varices had been obliterated. Nine patients (20%) in the EVL group 
had recurrent varices 3.7 months after the initial treatment. There was no 
significant difference in mortality and there were no serious complications 
of EVL. Propranolol therapy was stopped in 2 patients because of side 
effects. It was concluded by the authors that in patients with high-risk EV, 
EVL is safe and more effective than propranolol for the primary prevention 
of variceal bleeding. This study was criticized for its small sample size and 
the fact that low doses of propranolol were used. 

The meta-analysis by Imperiale et al. 41 examined 4 RCTs (n = 283) of 
EVL versus (3-blockers. The only observed benefit for EVL was a reduction 
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of first variceal bleeding (RR 0.48; 95% Cl [0.24-0.96]). Bleeding related 
mortality and overall mortality were similar for EVL and propranolol. 

A randomized study grouped 172 patients with cirrhosis and grade II/III 
EY that had never bled to receive either EYL ( n = 44), propranolol ( n = 66) 
or ISMN ( n = 62 ) 42 . On an intention-to-treat analysis, variceal bleeding 
occurred after 2 years in 7%, 14%, and 23% of those patients randomized 
to EYL, propranolol, and ISMN, respectively. The 2-year actuarial risks of 
first variceal bleeding were 6.2% for EVL, 19.4% for propranolol, and 27.7% 
for ISMN. There were no statistically significant differences in the mortality 
rates between the groups. More patients reported side effects with drug 
therapy (propranolol, 45%; ISMN, 42%) compared to EYL (2%), resulting 
in withdrawal from treatment in 30% of propranolol-treated and 21% of 
ISMN-treated patients. In an as-treated analysis, there was a statistically 
significant difference in actuarial risk for bleeding at 2 years between EVL 
and ISMN, but not between EVL and propranolol. EVL was equivalent to 
propranolol and superior to ISMN in preventing first variceal bleed. 

Cost effectiveness of prophylactic therapy 

It is uncertain which of (3-blockers and EVL is more cost-effective for 
primary prophylaxis. An empiric (3-blocker strategy cost an incremental 
USD 12408 (US dollars) per additional variceal bleed prevented 43 . 
Compared with this strategy, the strategies using screening endoscopy fol- 
lowed by either (3-blocker or EVL cost over USD 175 000 more per addi- 
tional bleed prevented. Strategies with selective screening endoscopy in high- 
risk patients followed by either (3-blocker or EVL were more expensive and 
less effective than the empiric P-blocker strategy. Universal prophylaxis with 
P-blockers (without endoscopic screening) was associated with the lowest 
cost (USD 34100) and the highest (6.65) quality-adjusted life-years 
(QALYs) 44 . Endoscopic screening followed by p-blocker prophylaxis was 
associated with a cost of USD 37 300 and 5.72 QALYs. 



ENDOSCOPIC GUIDANCE OF PRIMARY AND SECONDARY 
PROPHYLAXIS 

Surveillance 

In general, patients with no or small varices represent 66-75% of cirrhotics 
screened by endoscopy and should undergo surveillance endoscopy every 2 
years as the risk of developing bleeding in this population is low. Some 
recommend endoscopy every 1-2 years based on severity of liver disease. 

For surveillance during endoscopic eradication therapy, the optimal time 
interval between endoscopic sessions is generally weekly during the first 3-4 
weeks, followed by every 2 weeks until eradication is achieved. Recurrent 
bleeding is usually related to the development of new esophageal variceal 
columns. Currently, there are no studies to suggest that long-term follow-up 
after endoscopic eradication is superior to short-term treatment aimed at 
eradication, especially if patients are maintained on P-blockers 45 . 
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EUS for the guidance of endoscopic therapy 

EUS probes have been used as an objective measure of EV recurrence 46,47 , 
and may be used to monitor variceal eradication following EYS 48,49 . The 
identification of perforating veins by color Doppler EUS (CD-EUS) may 
allow more effective targeting of these sites and therefore reduced variceal 
recurrence 50,51 . CD-EUS may detect persistent blood flow following endo- 
scopic cyanoacrylate injection of GV 52 . Scheduled repeated EUS-guided 
cyanoacrylate injection therapy can reduce the risk of recurrent bleeding 
relative to patients receiving “on-demand” injections 53 . 

ENDOSCOPY IN ACUTE VARICEAL BLEEDING 

Acute bleeding from EGV in the setting of portal hypertension continues to 
carry a substantial mortality rate despite the remarkable advances in medical 
and endoscopic therapies and intensive care. The literature of several decades 
past reports mortality rates with each bleeding episode between 30 and 
60 % 54 . A recent large study compared two cohorts a decade apart and 
suggested improved survival among the later cohort 55 . A recent retrospective 
multicenter study observed the in-hospital, 6 week, and overall mortality 
rates to be 14.2%, 17.5% and 33.5%, respectively 56 . 

Prospective controlled trials are needed to best assess the survival rate 
associated with variceal bleeding. The duration of time between the onset 
of bleeding and the starting point for analysis may be an important con- 
founder when determining survival and recurrent bleeding rates and should 
be considered when comparing outcomes across trials. This effect may be 
greatest in centers where patients are referred from other hospitals at variable 
times from the onset of their bleeding 57 . In addition, patients’ characteristics 
should be closely matched, especially with regard to hepatic functional 
reserve. The prognosis is better in patients without significant liver impair- 
ment such as those with non-cirrhotic portal vein thrombosis 58 or idiopathic 
portal hypertension 59 . In cirrhotic patients, the prognosis is worse with 
concomitant alcoholic hepatitis, hepatocellular carcinoma, portal vein 
thrombosis or ascites. 

When is the critical time to intervene? The high early mortality rate is 
the rationale for primary prophylaxis. In an acute bleed, the risk of recurrent 
bleeding or death rapidly diminishes over the first few days, and early 
survival may be the best marker for later survival. Improving survival in 
the early period (the first 2 weeks after the onset of bleeding) is vital to 
improving long-term survival 60 . 

Preparation for endoscopic therapy 

The successful management of acute variceal GI bleeding relies on early 
resuscitation which is best initiated in the emergency department. Endoscopy 
is best performed either in a high-level therapeutic endoscopy unit with 
experienced nurses or in the ICU. Management is multidisciplinary involving 
endoscopists, intensivists, anesthesiologists, surgeons and interventional 
radiologists. 
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Patients with massive bleeding, severe lactic acidosis, severe agitation, or 
altered mental status should be considered for early endotracheal intubation 
to protect from aspiration. Central venous access is preferable, though access 
via multiple large-bore peripheral venous catheters is acceptable. 

Blood should be grouped and cross-matched immediately. Volume 
replacement should begin as soon as possible, since hypovolemic shock is 
an independent predictor of renal failure, which, together with shock, is 
associated with a higher risk of mortality 61 . This is best achieved by replacing 
blood loss directly with packed red blood cells rather than crystalloid. 
Excessive crystalloid may result in overexpansion of the extracellular fluid 
(ECF) volume and a rebound increase in the portal pressure accompanied 
by continued bleeding or recurrent bleeding 62 . 

Correction of a coexisting coagulopathy with plasma and vitamin K is 
imperative. Recombinant activated factor VII (rFVIIa) normalizes the 
prothrombin time in patients with cirrhosis and has been assessed as an 
adjunct to endoscopic and medical therapy 63 . In patients with Child’s class 
B and C cirrhosis, rFVIIa achieves hemostasis in bleeding EV unresponsive 
to standard treatment 64 . Further research is needed to confirm these results. 
Severe thrombocytopenia (platelets < 5000) is uncommon and may require 
platelet transfusions. Antibiotics must be administered to those patients with 
cirrhosis in order to reduce the risk of bacterial infection and mortality 65 . 
A flouroquinolone administered orally for 7 days is simple and cost-effective. 

Endoscopy should be performed as soon as possible after admission for 
diagnosis and therapy. Evacuation of blood clots and food is necessary for 
the accurate identification of the bleeding site(s). A therapeutic endoscope 
with a 6 mm suction channel (e.g. Olympus GIF-XTQ160) is ideal. An 
overtube may facilitate rapid re-entry for lavage and ligation. 

Prevention of hepatic encephalopathy following acute bleeding may be 
achieved with administration of lactulose. This may be delivered endoscopi- 
cally into the duodenum. 

Esophageal varices 

Once varices are present, the risk of bleeding is approximately 10% per 
year. At 2 years, the risk of first variceal bleeding is 24% for all size varices 
and 33% if one considers only medium- or large-sized varices. In 20% of 
cirrhotic patients with acute bleeding, the source is from causes other than 
varices, such as Mallory-Weiss tears, peptic ulcer disease, PHG and cancer. 

After an index bleed, the risk of recurrent bleeding is 30-40% within the 
next 6 weeks 66 . The risk of recurrent bleeding within 1 year is 70%. The 
risk is maximal within the first 5 days and declines slowly over the next 6 
weeks. Thereafter, the risk is nearly equal to the risk prior to the bleed. The 
risk of recurrent bleeding decreases in patients with spontaneous or treat- 
ment-induced reduction of portal pressure gradient or variceal pressure. 

The mortality rate per bleeding episode is 30-50%. Among survivors, 
30% will die within the following year. Early recurrent bleeding is associated 
with a higher risk of mortality. 
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Figure 1 . An actively bleeding esophageal varix in the distal esophagus 

Endoscopic variceal sclerotherapy (EVS) 

EVS has been supplanted by EVL for the management of acute variceal 
bleeding. 

Endoscopic variceal ligation (EVL) 

Van Stiegmann et al. in 1986 first described EVL as an alternative to EVS 
with fewer nonbleeding complications. Multiband ligators became available 
in 1996 and have greatly simplified the success of EVL. 

Bands are applied starting at or just below the GE junction and continuing 
proximally in the distal 7-10 cm of the esophagus. The number of bands 
placed during the initial session can be up to 20. Ligated varices become 
thrombosed with subsequent fibrosis with healing. A ligated varix usually 
sloughs off in 3-7 days leaving a superficial ulcer that will heal in another 
14-21 days. 

Ideally, the actively bleeding varix is identified (Figure 1) and a band is 
placed over it to achieve hemostasis. However, precise localization is not 
always necessary and placement of bands near the GE junction reduces flow 
and facilitates further banding. In the absence of active spurting, one should 
search for a nipple or fibrin plug and ligate it first (Figure 2). 

Efficacy of endoscopic therapy 

Acute variceal hemorrhage can be stopped with either EVL or EVS in 90% 
of patients. Recurrent bleeding occurs in 20-50% of those treated with EVS 
and this rate is reduced by 40-50% if EVL is used. 
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Figure 2A. A bleeding esophageal varix 




Figure 2B. The esophageal varix in 2A following EVL 



194 





ENDOSCOPY IN THE MANAGEMENT OF PORTAL HYPERTENSION 




Figure 3A. A large gastric varix with an ulceration and platelet plug 



Salvage therapy 

When either EVL or EVS fail to control actively bleeding EV, injection 
therapy with cyanoacrylate is an effective alternative that can be life-saving. 
Cyanoacrylate is also useful if recurrent bleeding is from a site of previous 
ligation that is not easy to re-ligate. 

The success of endoscopic therapy depends on the expertise of the endos- 
copist. When endoscopy fails to control the bleeding, options for salvage 
therapy include transfer to an advanced therapeutic endoscopy unit, TIPS, 
or surgical portacaval shunt. Balloon tamponade (Sengstaken-Blakemore, 
Linton-Nachlas, and Minnesota tubes) can be used as a temporizing measure 
prior to embarking on any of these alternatives. In centers with advanced 
therapeutic endoscopy, it is rare that bleeding cannot be controlled endo- 
scopically; consequently, balloon tamponade, TIPS and surgery are rarely 
needed. 

Gastric varices 

GV usually are located in the fundus and account for up to 30% of acute 
variceal bleeds (Figure 3A). Kim et al. 67 followed 117 patients with fundal 
varices that had never bled and observed that 34 developed bleeding over 
5 years. The cumulative risks for bleeding at 1, 3, and 5 years were 16%, 
36%, and 44%, respectively. The endoscopic predictors for bleeding include 
red signs and variceal size while a clinical predictor is hepatic function as 
measured by the Child-Pugh class. 

Cardiac varices develop as an extension of EV and are amenable to EVS 
and/or EVL. 
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Figure 3B. The gastric varix in 3A treated with cyanoacrylate injection therapy 

Cyanoacrylate injection therapy 

Cyanoacrylate (Histoacryl®, Glubran®: n-butyl-2-cyanoacrylate; Bucryl- 
ate®: isobutyl-2-cyanoacrylate) polymerizes and hardens within seconds of 
its exposure to blood. In 1986, endoscopic injection of cyanoacrylate into 
GY and EV was introduced (Figure 3B) 68 " 70 . Injection results in the forma- 
tion of a cast that sloughs off in weeks or months resulting in late ulceration 
that ultimately heals. Rapid solidification of cyanoacrylate may be prevented 
by diluting it with the oily contrast medium, Lipiodol® (Laboratoire 
Guerbet, Aulnay-sous-Bois Cdx., France). In Europe, Glubran® (GEM, 
Viareggio, Italy) is available, polymerizes a little more slowly and therefore 
does not require dilution with Lipiodol®. Over-dilution of cyanoacrylate 
prolongs the polymerization time and the risk of embolization. We use 
Histoacryl® and Lipiodol® in a 1 : 1 mixture. The risk of embolization is 
also reduced if no more than 1 ml of the mixture is injected at a time. Thus, 
one must avoid flushing the catheter with a volume greater than its dead 
space when the needle is in the varix. 

An injection catheter with a needle length of at least 5 mm is necessary 
to puncture a varix deeply during injection. The catheter is first flushed with 
Lipiodol®. Then the glue mixture is loaded in the catheter and advanced 
close to the tip of the needle (Figure 3B). With the endoscope retroflexed, 
the catheter and needle are injected into the varix and the glue mixture is 
injected. The catheter is then flushed with distilled water as the needle is 
removed from the varix. To protect the endoscope, its suction source may 
be disconnected during each injection. In addition, one may lubricate the 
endoscope channel and external covering with silicone oil. Treated varices 
should be probed with the catheter’s tip to check their consistency. Firmness 



196 



ENDOSCOPY IN THE MANAGEMENT OF PORTAL HYPERTENSION 




Figure 3C. Isolated gastric varices in Figure 3A, 3 weeks after injection therapy with 
cyanoacrylate 



indicates variceal obliteration. A soft and supple consistency indicates the 
need for more injections. One to eight injections is usually sufficient depend- 
ing on the size of the varices. 

Endoscopic cyanoacrylate injection is approved in most countries. The 
complications include gastric ulceration, secondary bleeding at the injection 
site, needle fixation within the glued varix, systemic embolization, retroster- 
nal discomfort, fever, and dysphagia. Embolization may result in stroke 71,72 , 
pulmonary embolism 73-76 , multiple systemic emboli 77,78 , or splenic infarc- 
tion 79 . Septicemia 80 , splenic or portal vein thrombosis 81 , and visceral fistu- 
lae 82 have also been reported. Fever and pain are due to the inflammatory 
response and usually resolve within a few hours. 

Follow-up examination is necessary to determine if further therapy is 
needed. Figure 3C illustrate gastric varices 3 weeks after therapy. 

Several studies confirm that cyanoacrylate is effective for initial hemostasis 
of bleeding GV. Soehendra et al. 83 reported on 202 patients with EGV in 
whom cyanoacrylate was used. The overall hospital mortality decreased 
from 31.5% to 17.5%. 

Sarin et al. 84 randomized 37 patients with portal hypertension and isolated 
GVs (17 with histories of active bleeding) to EVS with either alcohol (n = 
17) or cyanoacrylate (n = 20). Cyanoacrylate was more effective in achieving 
variceal obliteration (100% vs. 44%) in a significantly shorter period of time 
(2.0 vs. 4.7 wk). Cyanoacrylate achieved primary hemostasis more often than 
alcohol (89% vs. 62%). Six patients died from uncontrolled GV bleeding, 
four from the alcohol group. After a mean follow-up period of 15 months 
there was no recurrence of GV in either group. 
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Thrombin 

The largest study available is retrospective and examined 52 patients with 
bleeding GY who were treated by intravariceal injection with bovine throm- 
bin 85 . They underwent follow-up endoscopy at 72 hours and then at two- 
week intervals. The initial hemostasis rate was 94% and the bleeding-related 
mortality rate at 72 hours after the index bleed was 6%. Gastric variceal 
ablation was achieved after a median of 2 treatment sessions. At six weeks, 
18% rebled and the mortality rate was 8%. No adverse drug effects were 
observed, but anaphylaxis to bovine thrombin is a known danger. 

Fibrin glue 

Beriplast® (Aventis Behring) is a solution of fibrinogen and thrombin. 
Patients with gastric variceal bleeding (n= 15) were entered into an open 
trial of gastric intravariceal injection treatment with Beriplast® and followed 
for up to 1 month after endoscopic treatment 86 . There was failure to control 
bleeding in one patient (6.7%). Four patients (26.7%) had recurrent bleeding 
after the index bleed. Each was re-injected with Beriplast®, and the bleeding 
was controlled in three. The 30-day mortality following therapy was 6.7% 
(1/15). Fourteen patients (93.3%) were discharged from the hospital after 
the first episode of gastric variceal bleeding. None of the patients had 
injection-induced complications. 

Detachable snares 

Lee et al. 87 treated GV ( > 2 cm diameter) with detachable snares and treated 
adjacent small varices with EVL. Ten of 12 patients with active bleeding 
and 28 of 29 patients with red color signs were successfully treated. The 
overall hemostatic rate for endoscopic ligation was 82.9% (34/41). Variceal 
eradication was nearly complete in 91.7% (33/36) of patients who underwent 
repeated ligation treatments. Thirty of these patients, after a mean follow-up 
of 16.4 months, did not have recurrent bleeding. No serious complications 
were observed. 

EVS 

Paravariceal and intravariceal injection of absolute alcohol is not effective 
for isolated fundal varices and is actually dangerous 88 . 

Balloon-occluded endoscopic injection sclerotherapy (BO-EIS) 

Balloon-occluded retrograde transvenous obliteration (B-RTO) was 
described by Kanagawa et al. 89 for the treatment of GV with a known 
gastrorenal shunt (85% of patients with GV) which may be determined 
using MR angiography. Shiba et al. 90 developed balloon-occluded endo- 
scopic injection sclerotherapy (BO-EIS) that may be used even in patients 
without a gastrorenal shunt. 

ENDOSCOPY IN SECONDARY PROPHYLAXIS 

The options for the prevention of recurrent bleeding are: medical therapy 
and endoscopic therapy or a combination of the two; TIPS; and surgical 
portacaval shunt. 
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EVL versus EVS 

EYL has essentially replaced EVS as the endoscopic method of choice to 
control variceal bleeding. Laine et al. confirmed the superiority of EVL over 
EVS for the outcomes of recurrent bleeding, complications, time to variceal 
obliteration, and mortality 91 . 

EVL versus EVL plus medical therapy 

Combining (3-blockade and nitrate therapy is superior to EVL alone 92 . 
Combining EVL and (3-blockade is superior to EVL alone in terms of 
reduction of recurrent bleeding, lower variceal recurrence, and a trend 
toward improved survival 93 . 

Combination therapy (EVL plus EVS) 

Contradictory results are published on the benefit of adding low-dose EVS 
to EVL in terms of standard outcomes measures such as variceal eradication 
and variceal recurrence rates. The available studies are heterogeneous in 
their methodologies which may be classified according to the timing of 
delivery of treatments. For example, the two modalities may be delivered 
either simultaneously during the same session or consecutively on separate 
sessions. Furthermore, the available studies are likely to be highly operator 
dependent. The best approach remains to be determined. 

Detachable snares 

A small study by Hepworth et al. (n =11) used modified detachable nylon 
snares for ligation of esophageal varices 94 . A ridged endcap and snares with 
modified angulations were developed. The snares were effective and no 
complications were observed. 

Shim et al. randomized 103 patients with recent or active esophageal 
variceal bleeding to EVL or ligation by a new mini-detachable snare 95 . No 
differences were observed in the initial hemostasis rates (~85%), the recur- 
rent bleeding rates (~5%), the number of sessions needed to eradicate 
varices (~4.5), and the rates of variceal recurrence (11%). Furthermore, no 
serious complications were observed. 

APC for the prevention of recurrent esophageal varices 

APC was examined as a potential modality to prevent the recurrence of 
esophageal varices. APC of the distal esophageal mucosa was shown to be 
safe and effective for reducing the rate of variceal recurrence following 
obliteration by EVL 96 . The sample size from this preliminary study is too 
small to demonstrate a difference in recurrent bleeding and mortality com- 
pared to no therapy. 

ENDOSCOPY IN PORTAL HYPERTENSIVE GASTROPATHY 

PHG is characterized by ectasia of the gastric mucosal capillaries and 
submucosal veins without inflammation. Traditional endoscopic descriptive 
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terms have included “pink speckling”, “mosaic pattern”, “scarlatina rash”, 
“superficial reddening”, “snake-skin rash”, “cherry-red mucosal spots”, and 
“diffuse hemorrhagic gastritis”. Fifty to eighty percent of patients with 
cirrhosis and portal hypertension develop PHG. The incidence correlates 
with the duration of portal hypertension, presence and size of esophagog- 
astric varices, and a previous history of EVS. 

The role of endoscopy in the management of PHG is primarily diagnostic. 
It is seen mainly in the body, fundus, and cardia and rarely in the antrum. 
Similar changes can be seen in the small bowel and colon. Histologically 
one sees dilated capillaries and venules in the mucosa and submucosa 
without erosion, inflammation, or fibrinous thrombi. 

PHG is generally divided into mild and severe forms, determined sub- 
jectively at endoscopy. Severe PHG is manifested by cherry-red spots of 
gastric mucosa which frequently bleed. D’Amico et al. revealed that 13% of 
patients with mild and 75% of patients with severe PHG experienced gastric 
bleeding. There is a lower prevalence of endoscopic findings of PHG in 
patients with non-cirrhotic portal hypertension such as hepatosplenic schis- 
tosomiasis 97 . This difference could not be explained by the underlying histo- 
logic changes, which appear similar in both groups. 

The optimal management of bleeding PHG is unclear. APC may not be 
effective in patients with PHG in contrast to those with gastric antral 
vascular ectasia (GAVE). Medical therapy for bleeding PHG involves the 
use of agents that reduce portal pressure. The choice of agent is controversial 
but includes (3-blockers, octreotide, omeprazole, vasopressin and oral predni- 
solone. TIPS has not proved useful. Liver transplantation is the definitive 
solution. 



ENDOSCOPY IN ECTOPIC VARICES 

Duodenal varices (DV) and small intestinal varices 

The incidence in patients with portal hypertension is estimated to be 0.4% 98 . 
The etiology is either cirrhosis or extrahepatic portal hypertension for which 
the reported cases have included: schistosomiasis, AVM, pancreatic cancer, 
non-Hodgkin’s lymphoma, previous gastrointestinal surgery, splenic and 
portal vein thrombosis. The duodenal cap is the most frequent site followed 
by the second part of the duodenum; however they may be located more 
distally. 

DV either present with severe bleeding or are discovered at endoscopy. 
Bleeding is associated with a mortality rate of up to 40% because of the 
difficulty of endoscopic localization and management. The incidence of 
bleeding is 1-5% in patients with cirrhosis 99 and 30-40% in patients with 
extrahepatic portal hypertension 100 . The bleeding risk may be higher at 
anastomotic sites 101 . 

Tazawa et al. 102 first reported EVL for bleeding DV in 1995. Other case 
reports and series are available 103-105 . Injection therapy with cyanoacrylate 
is safe and effective for the treatment of bleeding DV. Several case reports 
are published on its use 106-109 . Injection therapy with other agents (ethan- 



200 



ENDOSCOPY IN THE MANAGEMENT OF PORTAL HYPERTENSION 



olamine, sodium tetradecyl sulfate 110 , and thrombin 111 ) have shown mixed 
success. 

Other therapeutic approaches include surgery and interventional radiol- 
ogy. The surgical approach is generally an enterotomy with oversewing 112 . 
Interventional radiologic techniques include B-RTO, percutaneous transhe- 
patic obliteration (PTO) 113 , transileocolic vein obliteration (TIO) 114 , and 
TIPS. Haskal et al. 115 reported on 9 patients with small intestinal varices 
who received TIPS. The five with active bleeding achieved initial hemostasis 
and only one had recurrent bleeding which was managed by coil 
embolization. 

Double-balloon enteroscopy enables endoscopic access to the entire small 
intestine 116 . The Fujinon EN-450P5/20 enteroscope has a 2.2 mm working 
channel and injection needles are available for injection of cyanoacrylate 
compounds. EYL is currently not available for this endoscope. Endoscopic 
tattooing is possible to aid the surgeon in locating the lesion. 

Colorectal varices 

Most cases are associated with portal hypertension 117 . Rarely cases are 
congenital or idiopathic. Colorectal varices may be found anywhere in the 
colon, especially in the anorectum and cecum 118 . They may be found at 
ileocolonic anastomoses in the absence of portal hypertension. They are 
usually isolated; however, there are reports of extensive cases involving either 
large segments or the entire colon. 

Colonic varices may be the cause of recurrent, massive and sometimes 
fatal lower gastrointestinal hemorrhage. The incidence of colonic varices as 
a cause of lower GI bleeding is 1-8%. 119,120 

EVL is useful for anorectal varices 121 . Chen et al. 122 used cyanoacrylate 
to control active bleeding from colorectal varices but was unable to achieve 
long-term hemostasis. APC was used successfully to stop bleeding and 
eradicate ectopic varices at the ileocolonic anastomosis 123 . 

Alternatives to endoscopic treatment include portosystemic shunt (TIPS) 
and surgery. Cecectomy, right hemicolectomy, and sigmoid resection are 
reported. Colorectal varices are difficult to identify at surgery, therefore 
preoperative localization is important. 



CONCLUSION 

Advances in endoscopy have increased the role of endoscopy in the manage- 
ment of portal hypertension. The most valuable recent advances have been: 
improved stratification of varices according to variceal bleeding risk; endo- 
scopic variceal ligation; and intravariceal injection therapy with cyanoacry- 
late. Transnasal endoscopy has increased the ease of screening, but its role 
remains to be determined. Objective endoscopic measurements of variceal 
bleeding risk need to be developed further so that they are reliable and 
universally available. With respect to acute variceal bleeding, future research 
is best directed at decreasing the mortality in the critical early period 
following the acute bleed. Until the underlying causes of portal hypertension 
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are curable, endoscopy is likely to play an increasing role in the treatment 
of portal hypertension. 
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Transjugular intrahepatic 
portosystemic shunt (TIPS): 
current indications 

ZIAD HASSOUN and GILLES POMIER-LAYRARGUES 



INTRODUCTION 

The transjugular intrahepatic portosystemic shunt (TIPS) is a new non- 
surgical therapeutic modality used to treat complications of portal hyperten- 
sion 1,2 . It allows the creation of a communication between one hepatic vein 
and an intrahepatic branch of the portal vein by using a transjugular 
approach. The first TIPS implantation was reported in 1989 by Ritcher 
et al. 3 ; it is a hemodynamic equivalent of the small-diameter side-to-side 
surgical portacaval shunt. This procedure has been widely used all around 
the world for more than 15 years. After an initial wave of enthusiasm its 
exact place in the treatment of portal hypertension is now better defined as 
clinical controlled trials are available for the main potential indications. The 
major drawbacks of TIPS are stent dysfunction and hepatic encephalopathy, 
but progress has been made to decrease their clinical impact. 

CONTRAINDICATIONS 

TIPS placement is contraindicated in several circumstances: cardiac failure, 
polycystic liver, bile duct dilation, severe liver failure, or chronic recurrent 
encephalopathy. Portal vein thrombosis represents a relative contraindica- 
tion because in some cases it is still possible to recanalize the thrombosed 
portal vein and to decrease portal hypertension after stent placement 4 . 

ACUTE COMPLICATIONS 

The TIPS procedure is usually well tolerated, with a mortality rate less than 
1-2%. Perioperative complications are most often minor and transient 5 : 
neck hematoma, cardiac arrhythmia, stent migration, hemolysis. Bilhemia 
may occur due to a communication between a biliary radicle and the portal 
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Table 1. Potential indications for TIPS 



1. Gastrointestinal bleeding: esophageal varices, gastric varices, ectopic varices 

2. Refractory ascites (pleural effusion) 

3. Budd-Chiari syndrome 

4. Hepatorenal syndrome 

5. Miscellaneous: hepatopulmonary syndrome? Preoperative TIPS? 



vein, and can be cured by the use of a covered stent 6 . Life-threatening 
complications including hemoperitoneum, hemobilia, liver ischemia, cardiac 
failure and septicemia are rare. Portal vein thrombosis can be observed 
early after the procedure and is most often related to inadequate placement 
of the stent. 

LONG-TERM COMPLICATIONS 

TIPS is a portacaval shunt; therefore, not surprisingly, the rates of pro- 
gressive liver failure and chronic recurrent encephalopathy that can be 
observed after the procedure are quite similar to those reported after surgical 
portacaval shunt 7 . However, decreasing the diameter of the shunt with a 
reducing stent or balloon occlusion of the shunt is efficient to treat post- 
TIPS disabling encephalopathy, but the ensuing recurrence of portal hyper- 
tension may lead to clinical complications. 

TIPS stenosis is frequently observed and is related to pseudointimal 
hyperplasia that develops inside the stent. The 1-year stenosis rate is 
50-70% 8 . Monitoring of the stent function with Doppler ultrasound should 
be done routinely 9 , and repeated vascular interventions are needed. The use 
of new polytetrafluoroethylene-covered stents appears very promising to 
prevent this complication, and this technical advance will be discussed later. 

INDICATIONS 

Potential indications for the TIPS procedure are listed in Table 1. The 
analysis of the literature allows us to determine if TIPS is indicated or not 
in a given complication of portal hypertension 1,2,10 ; however, in some circum- 
stances the role of TIPS is still undetermined given the absence of convincing 
trials available so far. 

Gastrointestinal bleeding 

Esophageal varices 

Prevention of rebleeding from esophageal varices is the most extensively 
studied indication for TIPS. It is now well established that either endoscopic 
or pharmacologic therapies can decrease the risk of rebleeding and improve 
survival. The TIPS procedure has been compared with endoscopic sclero- 
therapy, endoscopic variceal ligation and pharmacologic treatment in con- 
trolled clinical trials 11-22 . TIPS markedly decreased the risk of bleeding as 
compared to the other study groups; however, the mortality rate was not 
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affected and the incidence of encephalopathy was increased after the TIPS 
procedure. These findings were established from results of individual studies 
as well as from a meta-analysis 23 . As a result TIPS cannot be recommended 
as a first-line treatment in this situation but it can be used in patients who 
fail endoscopic and/or pharmacologic treatments (nearly 20% of patients 
with bleeding varices). 

TIPS used as a salvage therapy can be placed successfully in more than 
90% of patients, and can control bleeding in a vast majority of them 24 . The 
target pressure to avoid rebleeding has been established at 12 mmHg, which 
is the threshold value associated with variceal rupture 8 . There is no con- 
trolled trial comparing TIPS and shunt surgery used as a salvage therapy; 
however, it is well known that surgical portacaval shunt is usually contraindi- 
cated in Child C cirrhotic patients, and might be hazardous in Child B 
patients. Surgery could have a place in Child A patients because the operative 
risk is lower and the long-term rate of patency of the shunt is very high. 
However, the use of PTFE-covered stents for the TIPS procedure may lead 
to abandonment of surgery even in patients with good liver function. 

Gastric varices 

It has been proposed to classify gastric varices according to their localization 
and to the presence of fundal varices which remain a major problem if 
bleeding occurs 25 . Available treatment for bleeding gastric varices includes 
endoscopic sclerotherapy with different sclerosing agents, pharmacological 
treatment, TIPS and shunt surgery. The literature does not allow us to 
determine which is the best approach, and what could be the optimal 
treatment algorithm. Given this absence of data it is generally agreed that 
endoscopic sclerotherapy using either intravariceal thrombin or cyanoacry- 
late is the best first-line treatment, followed by TIPS when bleeding cannot 
be controlled, or if early rebleeding occurs 26 . TIPS allows good control of 
bleeding in the majority of cases; however, rebleeding may occur even if the 
post-TIPS gradient is lower than 12 mmHg, a threshold value associated 
with the bleeding risk for esophageal varices 27 . This is probably related to 
the larger size of fundal varices, as variceal diameter is a major determinant 
of variceal tension and, therefore, of the risk of variceal rupture. 

Ectopic varices 

Varices may develop anywhere along the gastrointestinal tract, in the perito- 
neum or near the umbilicus. Bleeding may occur from these ectopic varices 
(duodenal, jejunal, ileal, colic, rectal, stomal varices) which cannot be treated 
endoscopically. There are no data showing that pharmacological treatment 
is helpful. Some uncontrolled series suggest that TIPS is a good approach 
to prevent rebleeding in this situation 28 . 

Gastric antral vascular ectasia (GAVE) 

GAVE is observed occasionally in cirrhotic patients; recurrent chronic bleed- 
ing may occur and may represent a significant problem. It was thought 
originally that GAVE was related to portal hypertension; however, this 
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concept has been challenged because two recent studies have demonstrated 
that the TIPS procedure had no beneficial effect on acute or chronic bleeding 
related to GAVE 29,30 . 

Refractory ascites 

Ascites may become resistant to diuretic therapy in nearly 10% of patients. 
A standardized definition has been provided by a panel of experts during a 
consensus conference 31 allowing better evaluation of the therapeutic modal- 
ities available for this condition, including repeated large-volume paracente- 
sis with albumin replacement (the reference treatment), the TIPS procedure 
and liver transplantation. As previously stated, TIPS is a hemodynamic 
equivalent of side-to-side surgical portacaval shunt; not surprisingly ascites 
improves in a vast majority of patients several days or weeks after TIPS 32 . 
Relief of portal hypertension and shunting of splanchnic blood flow results 
in a correction of systemic hypovolemia with a concomitant decrease in 
plasma aldosterone, renin activity and catecholamine levels, leading to an 
improvement of glomerular filtration rate 33 ; however, shunting may also 
induce liver failure and hepatic encephalopathy. Several uncontrolled series 
suggested that TIPS was useful to control refractory ascites; thereafter four 
controlled trials comparing TIPS and paracentesis in the management of 
refractory ascites were published 34-37 ; all of these concluded that TIPS was 
more efficient in controlling ascites than large-volume paracentesis, but that 
survival was not different for both groups and that hepatic encephalopathy 
was higher in TIPS patients. However, given the small size of the patient 
population, one cannot exclude that TIPS may be beneficial in a subgroup 
of patients with moderately impaired liver function and a good renal func- 
tion 38 . These studies also confirm the poor prognosis of cirrhotic patients 
with refractory ascites which makes them potential candidates for liver 
transplantation; accordingly, TIPS probably has a role as a bridge to surgery. 

Refractory hepatic hydrothorax 

Ascitic fluid may leak from the abdominal cavity into the pleural space 
through diaphragmatic defects. Small amounts of fluid can lead to respira- 
tory distress and some of these patients require repeated thoracentesis despite 
diuretic therapy. Several uncontrolled series suggest that the use of TIPS is 
helpful in these patients 39 ; however, the onset of refractory hydrothorax 
carries the same poor prognosis as refractory ascites, and liver transplanta- 
tion remains the best option in suitable candidates 40 . 

Budd-Chiari syndrome 

Budd-Chiari syndrome results from partial or complete obstruction of the 
hepatic venous outflow system, and in a majority of cases a thrombophilic 
disorder can be demonstrated. Clinical presentation may be hyperacute with 
fulminant hepatic failure, or subacute with massive ascites and sometimes 
bleeding from esophageal varices. TIPS can be used in the treatment of 
Budd-Chiari syndrome when other treatments fail. When fulminant hepatic 
failure occurs, liver transplantation is the best option. In subacute cases, 
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when ascites is not controlled by medical therapy, TIPS represents a good 
option, as demonstrated by several recent series 41,42 . TIPS placement 
remains a technical challenge in this situation given the obstruction of major 
hepatic veins; portal vein catheterization must be performed most often by 
using a transcaval approach. Anticoagulation must be prescribed in all 
patients on a long-term basis. 

Hepatorenal syndrome 

Hepatorenal syndrome (HRS) is a functional renal failure associated with 
decompensated liver cirrhosis and it can be subclassified as HRS type 1 if 
the progression of renal failure is very rapid and type 2 if renal failure is 
more chronic 31 . TIPS is a logical approach to correct the systemic hypovo- 
lemia by shunting the increased splanchnic blood flow into the general 
circulation; this in turn may deactivate the compensatory vasoconstriction, 
particularly at the cortical glomerular level. On the other hand, TIPS cre- 
ation might also cause a deterioration in liver function. HRS has been 
reversed in some patients with HRS type 1 or 2 43,44 ; however, TIPS place- 
ment must be considered a bridge to liver transplantation always required 
in these very sick patients. 

Other indications 

Hepatopulmonary syndrome is characterized by severe hypoxemia related 
to the presence of intrapulmonary arteriovenous shunts. Its severity does 
not always parallel the degree of liver failure and it has been shown that 
liver transplantation can reverse hypoxemia. TIPS can improve this syn- 
drome, as reported recently 45 . Its efficacy might be related to the relief of 
portal hypertension which could result in a decrease of nitric oxide pro- 
duction by the endothelial cells of the portal vasculature. It can be used in 
selected cases as a bridge to liver transplantation. 

It has also been suggested that performing a TIPS preoperatively could 
prevent operative complications associated with abdominal surgery in cir- 
rhotic patients. One recent uncontrolled series showed encouraging results 46 ; 
however a retrospective study comparing postoperative evolution after abdo- 
minal surgery in cirrhotic patients with or without preoperative TIPS did 
not provide evidence that this approach is beneficial, in terms of postopera- 
tive morbidity or mortality 47 . 

FUTURE ADVANCES 

The high rate of stent stenosis during follow-up is related to neointimal 
proliferation inside the stent 48 . It has been hypothesized that covering the 
stent with synthetic membranes such as polytetrafluoroethylene (PTFE) 
could block this phenomenon, and can allow the maintenance of long-term 
patency of the shunt (Figure 1). A recent controlled trial compared the 
clinical outcome in cirrhotic patients treated with either PTFE-coated stents 
or uncovered stents 49 . The actuarial rate of primary patency at 2 years was 
80.2% when PTFE-coated stents were used as compared to 18.6% with 
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Figure 1 . Portography 2 years after TIPS placement: severe stenosis developed in an uncovered 
stent (A, arrows) but pseudointimal hyperplasia was not observed in a PTFE-covered stent (B) 
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uncovered stents. This improvement in shunt function translated in a signifi- 
cant decrease of clinical events related to shunt dysfunction such as variceal 
rebleeding or ascites recurrence. If these exciting results are confirmed in 
the future, the monitoring of shunt function will become much easier, the 
need for vascular interventions much lower and a marked decrease in costs 
of the procedure will ensue. 



CONCLUSIONS 

Fifteen years after the introduction of TIPS as a new method of treatment 
of complications of portal hypertension, the exact role of this procedure is 
now defined more precisely. Even if it has not markedly improved the 
prognosis of cirrhotic patients, this treatment probably has a major impact 
on quality of life and/or on cost-effectiveness, which must be evaluated as 
main endpoints in future clinical trials. In addition, its use as a bridge to 
liver transplantation will become more popular given the increasing waiting 
time on the transplant list. 
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Prevention of first variceal 
bleeding: drugs 

DIDIER LEBREC 



INTRODUCTION 

The goal of prophylactic therapy is the prevention of a first episode of 
bleeding and bleeding-related mortality. Preventive therapy began more 
than 30 years ago with surgical portacaval shunts, resulting in a significant 
reduction in variceal bleeding but also a significantly greater risk of hepatic 
encephalopathy and mortality 1 ; therefore this surgical option has been con- 
sidered unsuitable. Since this period progress has been made in identifying 
patients with a high risk of bleeding, and various pharmacologic and endo- 
scopic therapies have been proposed to reduce the risk of bleeding and 
death 2 . 

This present review of the pharmacologic prevention of first bleeding 
summarizes firmly established approaches, and discusses approaches which 
are being studied. 

RISK FACTORS OF FIRST VARICEAL BLEEDING 

Variceal bleeding may occur in patients with portal hypertension who 
develop portosystemic shunts and esophageal varices, but the exact mecha- 
nisms of the variceal rupture have not been determined. The risk of develop- 
ing esophageal varices is approximately 90% at 10 years in patients with 
cirrhosis. Among these patients 50% bleed and 30-40% of them die within 
42 days after admission. Prospective studies have shown that certain factors 
are associated with the risk of the first gastrointestinal hemorrhage in 
patients with cirrhosis, and thus may be used to identify candidates for 
prophylactic treatment. In one study the authors evaluated a prognostic 
index of bleeding ranging from 6% to 76% at 1 year, based on various 
clinical and endoscopic variables 3 . They revealed that the severity of cirrho- 
sis, the size of esophageal varices and the presence of red wall markings 
were the three most important factors. In a second prospective study the 
authors demonstrated the significance of variceal pressure measurements for 
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the prediction of a first episode of variceal bleeding in patients with cirrhosis 
and large esophageal varices followed for 1 year 4 . In this study the incidence 
of bleeding was less than 10% in patients with variceal pressure less than 
15mmHg, and more than 70% in patients with variceal pressure greater 
than 16mmHg. In contrast, the values for the hepatic venous pressure 
gradient were not a predictive factor when it was 12 mmHg or more. 

PREVENTION OF THE DEVELOPMENT OF LARGE VARICES 
AND BLEEDING 

Patients with cirrhosis and portal hypertension should undergo esophago- 
gastric endoscopic examination to determine the presence, absence and signs 
of esophageal varices. When varices are small or absent the risk of bleeding 
is low, probably less than 10% at 2 years. 

In patients without or with small esophageal varices, beta-adrenergic 
antagonist administration has been tested to prevent the occurrence of large 
varices and thus variceal bleeding, since the drug limits the development of 
portosystemic shunts in portal hypertensive rats 5 . The results of one pub- 
lished trial show no significant difference between the two groups for the 
development of large varices and variceal bleeding (beta-blockers vs placebo) 
at 2 years 6 . The proportion of patients with large varices was 31% in the 
propranolol group and 14% in the placebo group. Less than 5% of patients 
bled in both groups. Preliminary results of a multicenter trial found similar 
results in patients without esophageal varices 7 . These findings suggest that 
beta-blocker administration cannot be recommended for the prevention of 
the development of large esophageal varices in patients with cirrhosis. In 
unselected patients with chronic liver diseases treated with beta-blockers or 
placebo, similar results of the occurrence of variceal bleeding and survival 
rate have been observed 8 . In contrast, preliminary results of a trial showed 
that nadolol administration may prevent the aggravation of esophageal 
varices in patients with cirrhosis and small esophageal varices, and thus 
suggested that nadolol may prevent variceal bleeding in these selected 
patients 9 . Nevertheless, an endoscopic examination should be performed 
every year in patients with small esophageal varices, and every 2 or 3 years 
in patients with no varices, to determine the development of large varices. 

PREVENTION OF THE FIRST VARICEAL BLEEDING 
Beta-adrenergic antagonists 

In patients with small esophageal varices beta-blockers may reduce the risk 
of first variceal hemorrhage. In three trials comparing beta-blockers to 
placebo approximately 20% of patients had small esophageal varices. In 
patients in the placebo group the risk of bleeding was low (less than 10%), 
but it was lower in patients treated with beta-blockers; the difference was, 
however, not significantly different between the two groups, indicating that 
further clinical studies are needed. 

In patients with large esophageal varices the results of nine controlled 
studies and three meta-analyses indicate that beta-blockers, which decrease 
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portal pressure, significantly reduce the risk of first hemorrhage and signifi- 
cantly improve survival rate 1,10,11 . In these trials, according to the 
Child-Pugh classification, most patients were in good condition and the 
proportion of Child-Pugh C patients ranged from 0% to 46%. The cause 
of cirrhosis was chronic alcohol intoxication in more than 70% of the 
patients. Seven studies used standard or long-acting propranolol adminis- 
tered in doses that decreased the heart rate by approximately 25% 
(40-400 mg/day) in two studies another non-selective beta-blocker, nadolol, 
was used at doses ranging from 40-200 mg/day. At 2 years the beta-blockers 
significantly reduced the relative risk of the first episode of bleeding by 
approximately 50% compared to a placebo. Beta-blockers significantly 
reduced mortality by 20%. These results were observed whatever the cause 
and severity of cirrhosis; the efficacy was more marked in patients with liver 
dysfunction, or in patients with ascites, than in patients in good condition 
or without ascites 10 . Beta-blockers were well tolerated. Side-effects occurred 
in some patients (3-30%) who received beta-blockers, and the use of these 
drugs was discontinued in approximately 5% of the patients. Treatment 
should be continued for life, as in patients treated for arterial hypertension, 
since it has been observed that patients who discontinue beta-blockers 
experience increased mortality compared with an untreated population 12 . 

The prevention of first bleeding episode for gastric or ectopic varices in 
patients with cirrhosis, and the prevention of variceal bleeding in patients 
with extrahepatic portal hypertension, have not been evaluated. In these 
patients beta-blockers may be used, since they reduce portal pressure. 
Prospective studies are, however, needed in these patients. 

Isosorbide mononitrates 

It has been shown that nitrate administration decreases portal pressure and 
may further decrease the hepatic venous pressure gradient in patients receiv- 
ing beta-blockers. Three trials have compared the efficacy of isosorbide 
mononitrate alone versus beta-blocker alone in the prevention of a first 
bleeding episode in patients with cirrhosis. In one trial isosorbide- 
5-mononitrate alone was found to be a safe and alternative treatment to 
propranolol in the prevention of a first episode of bleeding, since bleeding 
rates were not significantly different between the two groups at 6 years 13 . 
At 5 years, however, the mortality rate in patients older than 50 receiving 
nitrates was significantly greater (66%) than in those receiving propranolol 
(47%). The results of a second trial performed in patients with cirrhosis 
confirmed the lack of difference on the prevention of first bleeding between 
isosorbide mononitrate and propranolol 14 , and a third study performed in 
patients with cirrhosis and ascites showed that isosorbide-5-mononitrate 
was less effective with more side-effects than nadolol 15 . 

Isosorbide mononitrate alone has also been compared to placebo in the 
prevention of first variceal bleeding in patients with varices and contraindica- 
tions or intolerance to beta-blockers 16 . There were no significant differences 
in the risk of bleeding at 2 years between the two groups. Survival rate and 
side-effects were similar in the two groups. 
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These trials suggest that nitrates alone must not be prescribed for the 
prevention of a first bleeding episode in patients with cirrhosis. 

Beta-adrenergic antagonists plus isosorbide mononitrates 

The combination of beta-blockers and nitrates has also been compared with 
beta-blockers alone in three studies. A first study showed that the combina- 
tion was significantly more effective than nadolol alone for the risk of a first 
bleeding episode; the bleeding rate at 7 years was 12% in the combined 
therapy and 29% in the nadolol group 17 . Two other studies were double- 
blind and placebo-controlled 18,19 . In one published study, in which 349 
patients were randomized, the results found no significant difference in the 
2-year actuarial probability of variceal bleeding between the two groups 18 . 
Survival was also similar, but adverse events were significantly more frequent 
in the propranolol plus isosorbide-5-mononitrate group than in the propran- 
olol group. Preliminary results of the third trial showed a significantly lower 
risk of bleeding in the combined group than in the nadolol group, with a 
similar mortality rate 19 . Side-effects were, however, significantly more fre- 
quent in the nadolol and isosorbide mononitrate group than in the nadolol- 
placebo group. 

The meta-analyses of these three trials showed that the bleeding rate was 
15% in the beta-blocker group and 10% in the combination group, but 
there was no significant difference between the two groups 20 . The mortality 
rate was approximately 10% in both groups. In contrast, the occurrence of 
side-effects was significantly more frequent with the combination therapy. 
These results indicate that further clinical studies are needed. 

Beta-adrenergic antagonist plus spironolactone 

In patients with cirrhosis it has been shown that spironolactone administra- 
tion decreases portal pressure by reducing the increase in plasma volume. 
Thus, a trial has compared the combination of spironolactone and nadolol 
vs nadolol alone in the prevention of first bleeding in patients with cirrhosis 
without ascites 21 . The results did not show any significant difference in the 
appearance of variceal bleeding and ascites between the two groups at 2 
years. The cumulative probability of survival was also not significantly 
different between the two groups. 



HEMODYNAMIC MONITORING OF TREATMENT RESPONSE 

A significant sustained decrease in heart rate - approximately 20% for 24 h 
- is the best hemodynamic control of a correct systemic beta-adrenergic 
blockade. Similarly, the measurement of a significantly decreased cardiac 
output may predict the efficacy of beta-blockers. However, no firm relation- 
ships have been found between the decrease in heart rate or cardiac output 
and the occurrence of a first episode of variceal bleeding in patients with 
cirrhosis receiving beta-blockers. 

Results of the measurement of the hepatic venous pressure gradient to 
predict the response of the pharmacologic prevention of the first episode of 
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bleeding remain unclear 22 . The relationship between the hemodynamic 
response (decrease in the hepatic venous pressure gradient) and clinical 
response (variceal bleeding) is complex, since hepatic venous pressure gradi- 
ent values are not directly related to the risk of bleeding and depend on 
many factors, including portal pressure, sinusoidal pressure, portal blood 
flow, hepatic arterial blood flow, and hepatic vascular resistance. 
Nevertheless, certain hemodynamic studies have shown that the bleeding or 
rebleeding risk is low in patients in whom the hepatic venous pressure 
gradient decreases by more than 20% 23,24 , while earlier studies of the preven- 
tion of rebleeding do not support these results 25,26 . A decrease in heart rate 
of more than 20%, i.e. approximately 4mmHg, is uncommon, but may 
predict the efficacy of the pharmacologic treatment. A decrease in the hepatic 
venous pressure gradient to below 12 mmHg seems to guarantee the preven- 
tion of bleeding, but it may occur only in patients with a gradient of 13 or 
14 mmHg, a value which rarely occurs in patients with cirrhosis and varices. 
Accordingly, more hemodynamic results are needed before the routine clin- 
ical use of the hepatic venous pressure gradient measurement can be recom- 
mended; on the other hand this evaluation remains very important for the 
pharmacologic study of portal hypertension. 

CONCLUSION 

For the prevention of the development of large varices and bleeding, beta- 
blockers cannot be recommended, but further studies are needed. 

For the prevention of first bleeding in patients with medium or large 
varices, beta-blockers must be prescribed; nitrates alone must not be pre- 
scribed and the combination of beta-blockers and nitrates or spironolactone 
cannot be recommended but more trials are needed. 

New types of drugs or combinations of drugs should be tested. 

Finally, new ideas, hypotheses, and approaches are needed to further our 
understanding of the mechanisms of variceal bleeding and its treatment. 
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INTRODUCTION 

Although the mortality due to first variceal bleeding has decreased during 
recent decades 1 , intestinal hemorrhage is still one of the leading causes of 
death in patients with cirrhosis. It occurs in 30% of patients with cirrhosis, 
with each bleeding episode bearing a mortality risk of 30-50% h Therefore, 
high-risk patients - commonly defined by the presence of esophageal varices 
with a diameter of at least 5 mm - should receive prophylactic treatment 2,3 . 
The risk of bleeding in these patients amounts to around 40% within 2 years 
after diagnosis of varices 4 . 

Portosystemic shunts, drugs and endoscopic measures have been evaluated 
for primary prophylaxis of variceal bleeding. Since early trials showed an 
excess encephalopathy rate and mortality of operated patients compared to 
untreated controls, open shunts have been abandoned 4 . With respect to 
drug treatment, non-selective beta-blockers (propranolol, nadolol) have 
proven effective in numerous trials 4,5 ; these drugs reduce the bleeding risk 
by nearly 50%. The drugs are still considered as standard treatment 3,6 ; 
however, drug treatment with beta-blockers carries disadvantages, most 
importantly the highly variable and unpredictable effect on portal hemo- 
dynamics: 30-40% of patients will not achieve a sufficient reduction of 
portal pressure to prevent bleeding 7-9 . Furthermore, contraindications and 
side-effects are common 10-12 and may require withdrawal which re-increases 
the risk of bleeding 13 . 

ENDOSCOPIC INJECTION SCLEROTHERAPY 

Repeated endoscopic injection of sclerosing agents such as polidocanol leads 
to obliteration and eradication of esophageal varices, and has been shown 
to be an effective technique, both for hemostasis of acute variceal bleeding 
and for the prevention of variceal rebleeding 4 . Thus, attempts have been 
made to apply this procedure for primary prevention of variceal bleeding. 
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Figure 1 . Algorithm for prophylaxis of first variceal bleeding ( PPL = propranolol) 

Although early trials - comparing endoscopic sclerotherapy with non- 
active treatment in patients with a high baseline bleeding risk - suggested 
favorable results, this method is no longer regarded as a primary option for 
the prevention of first bleeding: complications have been observed in approx- 
imately 20% of patients 14 , including severe adverse events such as ulcers, 
bleeding, pleural effusions and esophageal perforation. With respect to effi- 
cacy there is a marked heterogeneity among the sclerotherapy trials: favor- 
able results have been reported in trials with high bleeding rates in the 
untreated controls, whereas particularly those trials with the highest number 
of patients demonstrated an excess bleeding and mortality rate in the sclero- 
therapy patients 4 . Thus, endoscopic injection sclerotherapy is no longer 
advised for the primary prophylaxis of variceal bleeding. 

ENDOSCOPIC VARICEAL BANDING LIGATION 

It is widely accepted that banding ligation is nowadays the endoscopic 
method of choice for the elective treatment of esophageal varices 3 . Single 
studies comparing sclerotherapy and banding ligation for rebleeding prophy- 
laxis, as well as a meta-analysis from these studies, have convincingly shown 
that ligation is associated with fewer side-effects and eradicates varices more 
rapidly 15 . Probably this method is also advantageous with respect to efficacy 
of rebleeding prophylaxis. These favorable results prompted trials on the 
role of endoscopic banding ligation for the primary prevention of variceal 
bleeding. 

According to the results from the trials comparing variceal band ligation 
(VBL) with non-active treatment 16-18 , which are more homogeneous than 
the trials investigating endoscopic sclerotherapy for primary prophylaxis, 
and the recent meta-analysis including 601 patients in five trials 19 , it can be 
concluded that ligation is effective in patients with high-risk varices. Ligation 
reduces not only the risk of first bleed (number needed to treat, NNT (Cl): 
4 (3-6) but also - according to the meta-analysis - bleeding-related mortality 
(NNT (Cl): 7 (5-11)) and overall mortality (NNT 5 (4-9 )) 19 . However, 
since in these trials control patients did not receive the standard treatment 
for primary prophylaxis (beta-blockers), they are of limited value. Nitrates 
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as monotherapy or combined with propranolol 6 have failed to prove superi- 
ority over propranolol alone, which is still the adequate control arm for any 
trial on primary prophylaxis of variceal bleeding. Thus, banding ligation 
has to be compared with beta-blockers. 

To date four randomized studies investigating ligation for the primary 
prophylaxis of variceal bleeding in comparison to propranolol have been 
published 10,20,21 , or will shortly be published 12 . In addition, preliminary 
results of a fifth small study have been reported 22 . The first study on this 
topic, a single-center trial 20 , demonstrated a significant benefit of banding 
ligation with an actuarial bleeding risk of 15% at 18 months compared to 
40% in the propranolol group. However, this unexpectedly high bleeding 
incidence in the control group which, in fact, is similar to the bleeding rate 
in untreated controls reported by the same authors a few years earlier 16 , 
prompted criticism concerning compliance and propranolol dosage in that 
trial. The second study on primary prevention of variceal bleeding, the 
Scottish multicenter trial 10 , showed a trend in favor of banding ligation 
(bleeding rate at 2 years was 6% vs 19% in the propranolol group). However, 
possibly due to a type 2 error (only 44 patients ligated in that study), this 
difference was not statistically significant. Furthermore, in the Scottish trial 
ligation has been performed only at highly specialized endoscopic units. It 
may therefore be difficult to translate these results into everyday clinical 
practice. The largest trial comparing ligation and propranolol for primary 
prophylaxis of variceal bleeding, the German multicenter study 12 , included 
27 centers and therefore provided rather robust data: that study found no 
differences between banding ligation and propranolol with respect to actuar- 
ial risks of first bleeding (20.0 ±4.8% for ligation and 17.6 + 4.6% for 
propranolol) and mortality at 2 years. These results are very similar to those 
from a very recently puplished single-center trial from Taiwan 21 . Taken 
together, although ligation is clearly effective in preventing a first variceal 
hemorrhage, it is questionable whether this method really is superior to the 
therapeutic standard, i.e. unselective beta-blockers. 

Since there is no or only a marginal difference between banding ligation 
and propranolol with respect to efficacy of bleeding prophylaxis, the decision 
as to which method should be applied depends on issues such as complica- 
tions, costs and treatment tolerability. Side-effects are quite common under 
beta-blocker treatment (up to 70% 12 ). However, these side-effects are usually 
mild and resolve after dosage reduction 12 . Side-effects that persist after 
dosage reduction, and therefore require drug withdrawal, are reported in 
approximately 15% of patients 12 . Severe, life-threatening adverse events do 
not occur in a relevant percentage under beta-blocker treatment, provided 
primary contraindications are respected. In contrast, banding ligation may 
be associated with a treatment-related mortality due to fatal bleeding from 
ligation ulcers which was reported in two of 75 patients (2.6%) in the 
German trial 12 . Treatment tolerability was also assessed in the German trial, 
and tended to be more favorable in the ligation group (difference not 
significant). With respect to costs, propranolol is clearly more cost-effective: 
it has been calculated that the cost for the initial endoscopic eradication of 
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varices (not including costs for surveillance endoscopies and re-ligation) is 
nearly equivalent to the cost for 6 years of propranolol treatment 12 . 

Extraesophageal varices (e.g. in the stomach or the duodenum) may be 
successfully treated by propranolol, but not using ligation. By contrast, 
portal hypertensive gastropathy may develop or be aggravated following 
ligation 23 . Nevertheless, these sources of hemorrhage are rarely causes of 
overt bleeding (less than 5% of patients with concomitant esophageal 
varices). 

Recurrent varices occur more often after ligation (50-60% within 
1 year 12,24 ) than after sclerotherapy (20-30% 24 ); they are one reason for the 
necessity of a regular endoscopic follow-up in patients undergoing prophy- 
lactic ligation. If the recurrent varices are large enough they should be 
ligated - although this is not evidence-based. Whether sclerotherapy of small 
recurrent varices is protective, and should be performed, is not known. 

SUMMARY 

What is the place for banding ligation in primary prophylaxis of variceal 
bleeding? Assuming an equivalent efficacy of banding and propranolol, 
banding ligation can certainly be offered to patients non-compliant to pro- 
pranolol (around 10%), as well as to patients with large varices in whom 
severe side-effects or contraindications preclude the use of propranolol 
(around 20% of patients), although this has been questioned by a very recent 
abstract (J Hepatol. 2004;40:S73-4). Furthermore, prophylactic ligation 
might be considered for patients who show no adequate reduction of the 
portal pressure gradient to propranolol (40% according to the literature). 
Thus, although we still consider propranolol to be the first-choice treatment, 
more than 50% of patients may be candidates for prophylactic banding 
ligation (Figure 1). 
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Treatment of acute variceal 
bleeding: general management and 
prevention of infections 

GUADALUPE GARCIA-TSAO 



INTRODUCTION 

Ruptured esophageal varices cause 60-80% of all upper gastrointestinal 
bleeding episodes in cirrhosis. Variceal bleeding ceases spontaneously in 
40-50% of patients; however, a small percentage of patients (~5%) die 
from uncontrolled bleeding. Even in patients in whom bleeding stops, 
rebleeding occurs within the first 6 weeks in ~20%. A poor outcome, either 
failure to control bleeding, early recurrent bleeding or death, occurs in 
15-30% of cases. Several factors predictive of a poor outcome have been 
identified in various studies. Some of them, such as hypovolemia, renal 
dysfunction and bacterial infection, apply to cirrhotic patients with any 
gastrointestinal hemorrhage, independent of etiology. Other predictive 
factors, such as active variceal bleeding at the time of diagnostic endoscopy 
and an hepatic venous pressure gradient > 20 mmHg, apply to cirrhotic 
patients with variceal hemorrhage and are factors that can be prevented or 
treated by using pharmacologic or other portal pressure-reducing methods. 
A third group of predictive factors are intrinsic to the cirrhotic patient, as 
is the case of an alcoholic etiology of cirrhosis, the degree of liver dysfunction 
(albumin, bilirubin levels and the presence of hepatic encephalopathy) and 
the presence of hepatocellular carcinoma. 

General management of variceal bleeding (and of any gastrointestinal 
hemorrhage in patients with cirrhosis) should be aimed at correcting or, 
better still, at preventing hypovolemia, renal dysfunction and bacterial infec- 
tions, factors that are predictive of a poor outcome in these patients. 



CORRECTING HYPOVOLEMIA 

Renal failure has been shown to occur more frequently in hospitalized 
cirrhotic patients with gastrointestinal hemorrhage than in non-cirrhotic 
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patients with gastrointestinal hemorrhage 1 . In a retrospective study that 
included 175 episodes of gastrointestinal hemorrhage in patients with cirrho- 
sis (82% variceal), hypovolemia and a poor liver function were the only 
two factors independently predictive of renal failure. Additionally, this study 
showed that the only two independent predictors of in-hospital mortality 
were the presence of hypovolemic shock and renal failure 1 . While in-hospital 
mortality was only 3% (4/147) in patients without either of these factors, it 
was 67% (8/12) in patients with both of them 1 ; therefore avoidance of 
hypovolemia and maintenance of hemodynamic stability are particularly 
important in these patients. 

RESTITUTION OF LOST BLOOD 

Blood volume replacement should be initiated as soon as possible; however, 
overtransfusion should be avoided, not only because of the risks inherent 
with blood transfusion, but also because experimental studies performed in 
portal hypertensive animals have shown that, while restitution of 100% of 
extracted blood returns mean arterial pressure to baseline levels, it leads to 
a rebound increase in portal pressure that could lead to rebleeding 2 . Further 
experimental studies in cirrhotic rats show that 100% blood volume restitu- 
tion leads to greater rebleeding (and therefore a greater fall in hematocrit) 
as well as 100% mortality, while restitution of 50% of blood lost carries the 
best prognosis 3 ; therefore, transfusions of packed red blood cells in the 
cirrhotic patient with gastrointestinal hemorrhage should be aimed at main- 
taining the hematocrit between 25% and 30%. 

PREVENTION OF INFECTIONS 
Bacterial infections in cirrhosis 

Bacterial infections are a well-described complication of cirrhosis. Recent 
large prospective series, performed in consecutively admitted cirrhotic 
patients, report bacterial infection rates (either at the time of admission or 
during hospitalization) of 32% (507 of 1567 admissions) 4 and 34% (139 of 
405 admissions) 5 . These figures clearly contrast with the hospital-acquired 
infection rate in the general hospital population reported to be between 5% 
and 7%. 

Factors predictive of infection in cirrhotic patients 

Two factors play an important role in the development of bacterial infection 
in cirrhotic patients: the severity of the liver disease and admission for 
gastrointestinal hemorrhage. Patients with decompensated cirrhosis have 
been consistently shown in retrospective studies to develop infections at a 
higher rate compared to compensated cirrhotics 6-8 . The prospective study 
by Bernard et al. demonstrated that patients who develop infections had a 
significantly higher Child-Pugh score, higher serum bilirubin levels and a 
lower serum albumin on admission than those who did not develop a 
bacterial infection 9 . 



234 



GENERAL MANAGEMENT OF ACUTE VARICEAL HEMORRHAGE 



In prospective studies, summarized in Table l 9-15 , the incidence of bacte- 
rial infections in cirrhotic patients hospitalized with gastrointestinal hemor- 
rhage is 44% (greater than the 32-34% infection rate in hospitalized cirrhotic 
patients at large), with lower incidences in patients with a good liver func- 
tion 13 and a higher infection rate in Child C cirrhotic patients 12 . In a 
prospective study, admission for gastrointestinal bleeding and a low serum 
albumin were identified as the only two variables independently associated 
with the development of a bacterial infection 16 . 

Sources and etiology of infection in cirrhotics with 
gastrointestinal hemorrhage 

In prospective series (Table 1) the most common infections in cirrhotics with 
gastrointestinal hemorrhage are spontaneous bacterial peritonitis (SBP) 
and/or spontaneous bacteremia, followed by urinary tract infections and 
pneumonia. Although approximately half the organisms isolated (120/222 
or 54%) are aerobic Gram-negative, in studies in which SBP/bacteremia are 
the predominant infections 10,14 , the most frequently isolated microorganisms 
are Gram-negative ( — 75%), while infections by Gram-positive organisms 
predominate in series in which pneumonia is the most common infection 12,15 . 

Consequences of infection in patients with gastrointestinal 
hemorrhage 

In prospective series of cirrhotic patients admitted with gastrointestinal 
hemorrhage (Table 1), mortality has ranged between 9% (in low-risk 
patients) and 48%, with an overall mortality of 23% (129/552). Studies that 
have compared mortality in infected vs non-infected patients uniformly show 
that patients who develop an infection have a significantly higher mortality 
rate 6,8,17 . Although this higher mortality may be related to the predisposition 
of patients with more severe liver disease to develop infections, a recent 
study, performed in 405 consecutively hospitalized cirrhotic patients, iden- 
tified Child C and the occurrence of bacterial infection as independent 
predictors of mortality 18 . 

Besides a higher mortality, another consequence of infection is a higher 
rate of variceal rebleeding. The first study to suggest this association was 
the one by Bernard et al., that showed that, while recurrent variceal hemor- 
rhage occurred in 10/23 (43%) patients who developed a bacterial infection, 
it occurred only in 4/41 (10%) of non-infected patients 9 . On multivariate 
analysis the only factor independently predictive of rebleeding was the 
presence of a bacterial infection. In another study, of 163 patients admitted 
with gastrointestinal hemorrhage, the incidence of bacterial infections was 
significantly higher in those who developed failure to control bleeding 
(defined as the initial failure to control bleeding or the occurrence of early 
rebleeding) 15 . 

Endotoxins and cytokines resulting from infection may induce hemato- 
logic abnormalities, including platelet dysfunction and activation of coagula- 
tion and fibrinolytic systems. A recent study that assessed the entire clotting 
process by measuring routine hemostasis tests and thromboelastography 
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(TEG) demonstrated that, with the development of infection, there is a 
significant alteration in prothrombin time, INR, PTT and all TEG parame- 
ters 19 . This alteration improved in patients in whom infection resolved, and 
was not observed in cirrhotic patients who did not develop infection. 
Infection may therefore have a role in the bleeding diathesis of cirrhosis, 
and may contribute to variceal rebleeding. As hypothesized recently, bacte- 
rial infection and endotoxemia may also exert their effect through the 
synthesis of endothelin and nitric oxide, that may further alter the hemody- 
namics of patients with cirrhosis and further alter platelet aggregation, 
leading to variceal hemorrhage 20,21 . 

Prevention of infections in cirrhotic patients with gastrointestinal 
hemorrhage 

Since infections are associated with a higher mortality and a higher rebleed- 
ing rate in cirrhotics admitted with gastrointestinal hemorrhage, it would 
appear logical to prevent the occurrence of these infections through the use 
of antibiotics. 

Five randomized controlled trials have evaluated the use of antibiotics in 
preventing bacterial infections in cirrhotic patients admitted for gastrointesti- 
nal hemorrhage, and are summarized in Table 2. Two of them utilized oral 
non-absorbable or poorly absorbable antibiotics 10,11 and three used systemic 
antibiotics (intravenous administration and/or oral administration of widely 
bioavailable antibiotics) 12-14 . One included randomized patients who were 
Child C and/or had had recurrence of variceal hemorrhage 13 . Only one of 
them was placebo-controlled and 40% of patients included in this study had 
hepatocellular carcinoma 14 . 

In each of these studies the incidence of bacterial infections was lower in 
the group treated with antibiotics with an overall incidence of 13% (Table 2). 
This percentage is markedly lower than the 44% rate in untreated patients. 
In each study there was also a trend for lower in-hospital mortality in 
patients treated with antibiotics. 

A meta-analysis of these five trials shows that short-term antibiotic 
prophylaxis not only resulted in a significant decrease in the incidence of 
infections, including SBP, but was also associated with a significant reduction 
in mortality 22 . Sensitivity analysis did not demonstrate any differences 
between antibiotics administered by mouth and trials in which antibiotics 
were administered intravenously. Based on these studies the use of short- 
term antibiotic prophylaxis in cirrhotic patients admitted with gastrointest- 
inal hemorrhage is considered mandatory 23 . 

In the above-mentioned studies variceal rebleeding was not one of the 
endpoints. A recent randomized trial analyzed the effect of ofloxacin (200 mg 
intravenously b.i.d. for 2 days followed by oral ofloxacin 200 mg b.i.d. for 5 
days) vs on-demand antibiotics (i.e. antibiotics were administered if and 
when an infection developed) in preventing variceal rebleeding 24 . The inci- 
dence of bacterial infections was lower in patients receiving antibiotic pro- 
phylaxis (2/59 or 3% vs 16/61 or 26%). Importantly, early rebleeding (within 
the first 15 days) was significantly lower in patients randomized to antibiotic 
prophylaxis (5/59 or 8% vs 23/61 or 38%). On multivariable analysis, 
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bacterial infection and the presence of hepatocellular carcinoma were inde- 
pendent determinants of rebleeding. 

Recommended prophylaxis 

The theory behind the development of spontaneous bacterial infections in 
cirrhosis, particularly those due to Gram-negative organisms, is that gut 
bacteria translocate to extraintestinal sites* Bacterial translocation has been 
shown to occur in experimental and human cirrhosis, particularly in cirrhosis 
with ascites 25,26 ; therefore, the most rational prophylaxis is that aimed at 
eliminating Gram-negative bacteria in the gut by the use of non- or poorly- 
absorbable antibiotics (selective intestinal decontamination or SID). The 
two randomized controlled trials that analyzed the effect of short-term SID 
in preventing infections in cirrhotic patients with gastrointestinal hemor- 
rhage showed a significant reduction in infection rate and in mortality with 
Sid 10 ’ 11 (Table 2). One of these studies used two combinations of oral, non- 
absorbable antibiotics: gentamycin (200mg)/vancomycin (500 mg)/nystatin 
(1 M units) every 6 h or neomycin (1 g)/colistin (1.5 MU)/nystatin (1 MU) 
every 6 h 10 , while the other study used oral norfloxacin, a poorly absorbed 
quinolone, at a dose of 400 mg twice a day 11 . 

Given its lower cost, and simpler administration, the preferred antibiotic 
is norfloxacin administered orally at a dose of 400 mg twice a day for 7 
days 23 . In patients in whom it cannot be administered by mouth or by 
nasogastric tube, quinolones (ciprofloxacin, levofloxacin) can be adminis- 
tered intravenously until re-establishment of the oral route. 
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Hemostatic treatments 

ROBERTO DE FRANCHIS 



INTRODUCTION 

Treatment of acute variceal bleeding should aim both at controlling bleeding 
and at preventing early rebleeding, which is particularly common within the 
first week and is associated with increased mortality 1 . 

Over the years pharmacologic therapy with vasoactive drugs (terlipressin, 
somatostatin, octreotide) 2 , endoscopic therapy (sclerotherapy and band liga- 
tion) 3 and the combination of these two treatment modalities has been used 
to control bleeding and prevent early rebleeding 3 . 

Recently, possible new approaches, such as tailoring the dose of vasoactive 
drugs according to the presence or absence of active bleeding at endoscopy 4 , 
and the correction of coagulation defects in patients with more severe liver 
dysfunction 5 , have been proposed. 

This chapter will discuss the established therapies and the possible new 
approaches to the treatment of acute variceal bleeding. 

VASOACTIVE DRUGS 

The use of vasoactive drugs to control variceal hemorrhage in cirrhotic 
patients was first introduced in clinical practice in 1962 6 . Vasopressin was 
the first vasoactive agent studied, because of its ability to induce splanchnic 
vasoconstriction, followed by a reduction of portal venous inflow and portal 
pressure. However, vasopressin has been practically abandoned, because it 
frequently induces severe side-effects such as myocardial ischemia or infarc- 
tion, cardiac arrhythmias, ischemia of the limbs or the mesenteric axis and 
cerebrovascular accidents. In the following decades research was aimed at 
developing more effective and safer drugs, and several clinical trials have 
been performed to determine the most appropriate drug to use, and the best 
treatment protocol for each agent. 

Glypressin or terlipressin is a synthetic analog of lysine-vasopressin, with 
an immediate vasoconstricting effect followed by a delayed effect caused by 
the slow transformation of glypressin into vasopressin in vivo , due to the 
enzymatic cleavage of the triglycyl residues 7 . Compared with vasopressin, 
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Table 1. Randomized controlled trials comparing somatostatin, glypressin and octreotide 



Reference 


Treatment 


No. of 
patients 


Efficacy 

(%) 


Mortality 

(%) 


Somatostatin vs glypressin 


Walker et al. 1992 13 


Glypressin/somatostatin 


25/25 


80/68 


16/24 


Pauwels et al. 1994 14 


Glypressin/somatostatin 


17/18 


59/78 


35/39 


Walker et al. 1996 15 


Glypressin/somatostatin 


53/53 


83/72 


21/21 


Feu et al. 1996 16 


Glypressin/somatostatin 


80/81 


80/84 


20/17 


Summary data 


Glypressin/somatostatin 


175/177 


79/79 


20/20 


Octreotide vs glypressin 


Silvain et al. 1993 17 


Glypressin -1- N/octreotide 


41/46 


46/57 


27/22 


Pedretti et al. 1994 18 


Glypressin/octreotide 


30/30 


53/77 


13/10 


Summary data 


Glypressin ± N/octreotide 


71/76 


49/65 


21/17 



glypressin has a prolonged biological activity, which allows administration 
of the drug by intravenous boluses every 4-6 h, and is associated with 
significantly lower complication rates. 

Somatostatin is a naturally occurring tetradecapeptide hormone that 
is used to treat variceal hemorrhage because it reduces portal pressure 
and portocollateral blood flow, but is devoid of the systemic effects of 
vasopressin 8 . 

Octreotide is a synthetic octapeptide that, by virtue of a shared four 
amino acid segment, has similar pharmacologic activity with longer duration 
of action in comparison to somatostatin. 

In randomized controlled trials terlipressin was significantly better than 
placebo for bleeding control and survival 9 . When compared with vasopressin, 
terlipressin was equivalent for bleeding control and survival, but showed 
significantly fewer side-effects 2 . As far as somatostatin is concerned, a 5-day 
infusion of this drug significantly increased bleeding control 10 in comparison 
with placebo. Meta-analysis of trials comparing somatostatin with vasopres- 
sin and terlipressin 2,9 shows similar efficacy of the three drugs, while soma- 
tostatin has a significantly better safety profile in comparison with 
vasopressin. Data concerning octreotide are less abundant. In the only 
available placebo-controlled study, published only in abstract form 11 , octreo- 
tide was not superior to placebo in controlling bleeding and in preventing 
early rebleeding. When compared with balloon tamponade, octreotide was 
less effective in controlling bleeding, but was significantly better for sur- 
vival 12 . In the studies which have compared octreotide with vasopressin and 
with terlipressin 9 , octreotide was somewhat better than the alternative drug 
for bleeding control, with the difference barely missing statistical significance, 
while there was no difference in mortality. Table 1 shows the studies compar- 
ing somatostatin 13-16 and octreotide 17,18 with glypressin. 

ENDOSCOPIC THERAPY 

Sclerotherapy has been compared with balloon tamponade, with 
vasopressin ± balloon tamponade, with terlipressin, with somatostatin and 
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Table 2. Randomized controlled trials comparing rubber-band ligation (EBL) with sclerother- 
apy (EVS) for acute variceal bleeding 



Reference 


No. of patients 
EBL/ EVS 


Failure 

(%) 


Mortality 

(%) 


Stiegmann et al. 1992 20 


14/13 


14/23 


n.a. 


Laine et al. 1993 21 


9/9 


11/11 


n.a. 


Gimson et al. 1993 22 


21/23 


10/9 


n.a. 


Jensen et al. 1993 23 


14/11 


20/0 


n.a. 


Lo et al. 1995 24 


18/15 


6/20 


n.a. 


Hou et al. 1995 25 


20/16 


0/12 


n.a. 


Fakhry et al. 1995 26 


10/12 


10/8 


10/8 


Sarin et al. 1997 27 


5/7 


20/14 


n.a. 


Lo et al. 1997 28 


37/34 


3/24 


19/38 


Pooled data 


148/140 


4/19 


17/30 


POR (95% Cl) 




0.56 (0.27-1.14) 


n.a. 



with octreotide 5 . A recent meta-analysis of studies comparing sclerotherapy 
with vasoactive drugs 19 has shown that the two treatment modalities are 
equivalent for bleeding control and survival, while the incidence of adverse 
events is significantly higher with sclerotherapy. 

Nine randomized controlled trials 20-28 comparing sclerotherapy with 
rubber-band ligation give separate data for acutely bleeding patients 
(Table 2). Meta-analysis of these studies 3 shows that the difference in control 
of bleeding is not statistically significant (POR for failure to control bleeding 
0.56; 95% Cl 0.27-1.14) Mortality figures are available from two studies 
only 26,28 , both showing no difference between treatments. From these results, 
sclerotherapy and band ligation appear to be equally effective in the emer- 
gency situation. However, the number of patients on which this conclusion 
is based is small. 

COMBINATION OF VASOACTIVE + ENDOSCOPIC TREATMENT 

Treatment regimens combining the use of a vasoactive drug (terlipressin, 
somatostatin or its analogs octreotide or vapreotide) with endoscopic ther- 
apy (sclerotherapy or band ligation) have received a great deal of attention 
in recent years. Between 1995 and 2001, 10 studies 29-38 , including a total of 
1359 patients, have compared combined treatments with endoscopic treat- 
ments alone. Meta-analysis of these trials shows that pharmacologic + 
endoscopic treatment is more effective than endoscopic therapy alone in 
controlling acute bleeding and preventing 5-days rebleeding (control of acute 
bleeding: combination 90%; endoscopic treatment alone 76%; relative risk 
reduction 16%; absolute risk reduction 14% (95% Cl + 4% to + 23%), 
NNT = 7; 5-days prevention of rebleeding: combination 72%; endoscopic 
treatment alone 59%; relative risk reduction 18%; absolute risk reduction 
13% (95% Cl -8% to -17%); NNT = 7.7). There was no difference in 
5-day and 42-day mortality figures (combination 7%; endoscopic treatment 
alone 9% at 5 days; 22% and 27% respectively at 42 days) (Table 3 and 
Figure 1). 
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Table 3. Randomized controlled trials: comparison between endoscopic treatments alone and 
in combination with pharmacologic therapy 



Reference 


Treatment 


No. of 
patients 


Failure 
(%) C/A 


Mortality 
(% ) C/A 


Levacher et al. 1995 29 


Placebo + sclerotherapy 
vs terlipressin -1- nitroglycerin 
4- sclerotherapy 


43/41 


47/71 


42/20 


Besson et al. 1995 30 


Sclerotherapy vs sclerotherapy 
-t-i.v. octreotide 


101/98 


r- 

DC 

r-~ 


10/7 b 


Sung et al. 1995 31 


Ligation vs ligation 
-t-i.v. octreotide 


47/47 


94/96 c 
62/9 l d 


19/9 e 


Signorelli et al.*1996 32 


Sclerotherapy vs sclerotherapy 
+ somatostatin 


30/33 


62/81 


15/13 




Sclerotherapy vs sclerotherapy 
+ s.c. octreotide 


30/31 


62/75 


15/15 


Brunati et al.* 1996 33 


Sclerotherapy vs sclerotherapy 
-l-s.c. octreotide 


27/28 


60/80 g 


15/13 b 




Sclerotherapy vs sclerotherapy 
-1- terlipressin 


27/28 


60/7 5 g 


13/13 b 


Burroughs* 1996 34 


Placebo vs. octreotide 


137/123 


31/32 f 


27/22 


Signorelli et al.*1997 35 


Sclerotherapy vs sclerotherapy 
+ octreotide 


42/44 


71/84 


n.a. 


Avgerinos et al. 1997 36 


Sclerotherapy vs sclerotherapy 
+ somatostatin 


104/101 


45/65 f 


7/3 b 


Zuberi and Baloch 2000 37 


Sclerotherapy vs sclerotherapy 
+ i.v. octreotide 


35/35 


86/94 


3/3 


Cales et al. 2001 38 


Placebo + sclerotherapy 
vs vapreotide + sclerotherapy 


93/91 


50/66 f 


21/14 


Summary data 


Sclerotherapy vs sclerotherapy 
-1- drugs 


659/700 


76/90* 

59/72* 


9/7* 

27/22" 



♦Available only in abstract form. 
f 24 h bleeding control, five trials. 

*5 days bleeding control, 10 trials. 

*5 days mortality, seven trials. 

1 1 42 days mortality, six trials. 

a 5-day survival without rebleeding; b 5-day mortality; c initial hemostasis; d percent patients 
without rebleeding at 2 days; e in-hospital mortality; f percent patients without treatment failure 
at 5 days; g Control of acute bleeding at 5 days. 



The combination of emergency sclerotherapy plus somatostatin or octreo- 
tide infusion has been compared with somatostatin or octreotide alone in 
two trials 39,40 . In both trials the combined treatment was more effective than 
drug treatment alone in controlling bleeding and preventing early rebleeding, 
although statistical significance was reached only in the first one. It thus 
appears that the combination of endoscopic and pharmacologic treatment 
can control bleeding in about 90% of patients and prevent early rebleeding 
in about 80% 41 . Accordingly, the current recommendations 42 are that, in 
suspected variceal bleeding, vasoactive drugs should be started as soon as 
possible, before diagnostic endoscopy; and that endoscopic therapy should 
be performed even if there is no active bleeding at endoscopy, especially in 
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Combined treatment better Endoscopic therapy better 



• — o — • 


24 h bleeding control 


— (H 


5 days bleeding control 




- 1 5 days mortality 


-0- 

TTTZ 1 TTTZ 1 


* 42 days mortality 

i _ i. _ 



-0^20 -O'lO 0.0 +0.10 



Pooled rate difference 

Figure 1. Meta-analysis of treatments for acute variceal bleeding: combined 

pharmacologic + endoscopic treatments vs endoscopic treatments alone 



Active bleeding 



Non-active bleeding 



£ 




□ None 

□ SET 

□ Endoscopy 
alone 

■ Endoscopy 
+ Drugs 

■ Drugs 
alone 



Figure 2. Treatment of bleeding esophagogastric varices in a multicenter Italian survey: active 
vs non-active bleeding at endoscopy 43 



high-risk patients. In acute bleeding, either ligation or endoscopic sclerother- 
apy can be used. Drug therapy may be maintained for up to 5 days to 
prevent early rebleeding 42 . A recent survey has shown that the combination 
of vasoactive drugs and endoscopic therapy is widely adopted in the routine 
management of variceal bleeders 43 (Figure 2). 

A still-open question is whether it is really necessary to perform endoscopic 
therapy if there is no active bleeding at endoscopy and the patient is receiving 
vasoactive treatment. In this respect the existing data are controversial: 
Escorsell et al 44 have shown that somatostatin infusion and sclerotherapy 
are equivalent in preventing early rebleeding (Figure 3), while according to 
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p = 0.00019 




5-day rcblecding 6-wk reblceding 6-wk mortality Complications 



Figure 3. Randomized controlled trial of sclerotherapy vs somatostatin infusion in the preven- 
tion of early rebleeding following acute variceal hemorrhage in patients with cirrhosis 44 






Therapeutic Failure to Early Complications 

failure control rebleeding 

bleeding 




]□ Somatostatin alone m Somatostatin + EVS 



Figure 4. Randomized controlled trial comparing somatostatin alone or combined with emer- 
gency sclerotherapy in the treatment of acute esophageal variceal bleeding 39 



Villanueva et al. 39 the combination of somatostatin and sclerotherapy is 
better than somatostatin alone (Figure 4). 



POSSIBLE NEW APPROACHES 

A possible means of increasing the efficacy of hemostatic treatments for 
variceal bleeding could be to tailor the dose of vasoactive drugs according 
to the presence or absence of active bleeding at endoscopy. To this effect a 
recent study from Spain 4 compared different schedules of somatostatin 
administration. In a retrospective analysis of the data, patients actively 
bleeding at endoscopy treated with a double dose of somatostatin infusion 
(500 pg/h) had a higher bleeding control rate and even a significantly higher 
6-week survival in comparison with patients treated with the standard 
250 pg/h dose. Whether the policy of increasing the dose of vasoactive drugs 
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in patients actively bleeding at endoscopy is indeed effective will have to be 
confirmed in prospective studies. 

Another possible approach could be to correct the coagulation defects 
that are present in the majority of bleeding cirrhotic patients. It has recently 
been shown that the administration of recombinant activated factor VII 
(rFVIIa) normalizes prothrombin time in bleeding cirrhotics 45,46 . The poten- 
tial role of rFVIIa has been evaluated in a multicenter European trial 5 , 
including 245 bleeding cirrhotic patients who were randomized to receive 
eight doses of rFVIIa, 100 pg/kg or placebo in addition to combined 
endoscopic + pharmacologic treatment. The primary endpoint was a com- 
posite including: failure to control bleeding at 24 h, failure to prevent rebleed- 
ing between 24 h and 5 days, and death within 5 days. No significant effect 
was found when analyzing the whole patient population; however, an explor- 
atory analysis showed that, in Child-Pugh B and C variceal bleeders, rFVIIa 
significantly reduced the occurrence of the primary endpoint (from 23% in 
patients receiving placebo to 8% in patients receiving rFVIIa, p = 0.03), and 
improved bleeding control at 24 h (from 89% to 100%, p = 0.03). These 
data are encouraging, but require confirmation by studies specifically 
targeted on the appropriate patients. 
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Prevention of recurrent portal 
hypertensive bleeding 

NORMAN D. GRACE 



INTRODUCTION 

In patients with cirrhosis who have survived an episode of acute variceal 
hemorrhage, the risk of recurrent bleeding approaches 65-70%, with the 
highest risk period occurring within 6 weeks of the index bleed 1-3 . The 
associated mortality for each episode of variceal hemorrhage has improved 
considerably over the past 20 years, but remains at 15-20% 3,4 . Therefore, 
treatment to prevent recurrent hemorrhage is mandatory 5 . Although current 
pharmacologic and/or endoscopic treatment is successful in controlling 
bleeding in 90% of patients, rebleeding is not uncommon, with an 18% rate 
reported in a recent study, and a 5-day failure rate of 13% 3 . Therefore 
treatment to prevent recurrent bleeding should be initiated as soon as the 
patient is stable. 

A plethora of randomized controlled trials (RCT) comparing pharmaco- 
logic and endoscopic techniques to no treatment, to each other, and in a 
variety of combinations for the prevention of recurrent bleeding have been 
published in the past 30 years. One problem in evaluating these trials has 
been lack of specific definitions of rebleeding and failure, especially in earlier 
studies dealing with endoscopic sclerotherapy. In an attempt to bring uni- 
formity to definitions of rebleeding and failure, the Baveno II consensus 
conference adopted the following definition: “The occurrence of new haema- 
temesis or new melaena after a period of 24 hours or more from the 24 
hours point of stable vital signs and HCT/HB following an episode of acute 
bleeding. Clinically significant rebleeds should be evaluated as a separate 
end point and all rebleeding regardless of severity should be counted in 
evaluating rebleeding” 6 . The Baveno III consensus conference further refined 
the definition as “failure of secondary prevention is a single episode of 
clinically significant rebleeding from portal hypertensive sources” 7 . An 
important concept in these definitions is that rebleeding from all sources 
should be counted irrespective of the therapeutic modality employed. 
Rebleeding from esophageal varices should be considered as a subgroup of 
the total rebleeding population. 



251 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



Beta-Blockers Placebo/Nonactive Treatment 

Burroughs 
Lebrec 
Villeneuve 
Cerbelaud 
Queniet 
Gatta 
Kobeet 
Colombo 
Sheen 
Garden 
Colman 
Rossi 

Typical Odds Ratio 



0.01 0.10 1.00 10.00 100.00 
Treatment better Odds Ratio Treatment worse 

Figure 1 . Randomized controlled trials of (3-blockers vs placebo/non-active treatment for the 
prevention of rebleeding. The odds ratio for the group is 0.41; 95% confidence interval 0.31-0.55 

(p< 0.0001) 




First-line therapy for prevention of recurrent variceal bleeding includes 
the use of non-selective (3-adrenergic blockers and endoscopic variceal liga- 
tion. Combinations of vasoconstrictors and vasodilators may potentiate the 
portal hemodynamic effect of pharmacologic agents. Also, the combination 
of a non-selective P-blocker and endoscopic variceal ligation has been 
reported in a single trial. For patients who fail initial therapy, surgical shunts 
or TIPS are options for good-risk patients. For patients with significant 
hepatic decompensation, TIPS or liver transplantation for appropriate can- 
didates are options. 



PHARMACOLOGIC AGENTS TO PREVENT BLEEDING 

In 1980 Lebrec et al. first described the use of propranolol, a non-selective 
(3-adrenergic blocker, for the treatment of portal hypertension in patients 
with cirrhosis 8 . This was followed in 1981 by the publication of the first 
RCT demonstrating the efficacy of propranolol for the prevention of recur- 
rent hemorrhage, both from esophageal varices and portal hypertensive 
gastropathy 9 . Since then, a total of 13 RCT comparing either propranolol 
or nadolol to a placebo or no treatment have been published. A meta- 
analysis of these trials shows a reduction in the rebleeding rate from 63% 
in the untreated group to 42% in patients with cirrhosis receiving non- 
selective P-blockers (p< 0.0001 ) 10,11 (Figure 1). The studies are homogen- 
eous, with all but one showing at least a trend in favor of P-blocker therapy 
and four clearly reporting a significant benefit. Mortality in these trials was 
reduced from 27% in the non-treatment group to 20% in patients treated 
with P-blockers. (Figure 2). Death due to bleeding was significantly reduced 
with the use of P-blockers 12 . The number needed to treat (NNT) to prevent 
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Beta-Blockers Placebo/Nonactive Treatment 




Treatment better Odds Ratio Treatment worse 



Figure 2. Randomized controlled trials of (3-blockers vs placebo/non-active treatment; mortal- 
ity. The odds ratio for the group is 0.68; 95% confidence interval 0.48-0.96 ( p < 0.03) 



an episode of rebleeding was 5 and mortality, 14 10 . The time interval between 
the index bleed and initiation of therapy in these trials ranged from 12 hours 
to 21 days. Five of the trials did not include patients with Child-Pugh (CP) 
class C decompensation while only three trials included at least 20% CP 
class C patients. In two of the three trials with a significant number of CP 
class C patients, the absolute risk reduction was less than 10%. Based on 
the results of these trials, non-selective (3-blockers have become standard 
therapy for prevention of portal hypertensive rebleeding. 

From 15% to 20% of patients have contraindications to the use of non- 
selective P-blockers and an additional 5-15% have significant side-effects 
requiring withdrawal of treatment. Although there are no published RCT 
evaluating long-acting nitrates as monotherapy for the prevention of rebleed- 
ing, the poor results in RCT evaluating isosorbide-5-mononitrate for preven- 
tion of first variceal hemorrhage do not support the use of these agents for 
prevention of rebleeding. Although a number of pharmacologic agents have 
been shown to decrease portal pressure in both animal models and acute 
clinical trials, side-effects of treatment, especially systemic arterial hypoten- 
sion, have precluded their evaluation in larger RCT. 



ENDOSCOPIC THERAPY TO PREVENT PORTAL 
HYPERTENSION REBLEEDING 

Ten trials, totaling 1259 patients, have compared endoscopic sclerotherapy 
to conservative treatment. A meta-analysis of these trials shows a significant 
benefit for prevention of rebleeding, with a 43% rebleeding rate in the 
sclerotherapy group compared to a 57% rebleeding rate in the control group 
(OR 0.57, Cl 0.45-0.71 ) 13 . There was also a significant reduction in mortality, 
from 54% to 46%. Although the nine trials comparing sclerotherapy with 
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non-selective (3-blockers showed a slight advantage for prevention of rebleed- 
ing, but no survival benefit, the qualitative heterogeneity between trials 
results (p = 0.07) suggests that this perceived difference is not clinically 
significant 13 . 

Concerns regarding the complications of sclerotherapy prompted 
Stiegmann et al. 14,15 to introduce esophageal variceal ligation as a safer and 
possibly more effective technique. In 13 RCT comparing variceal ligation 
with sclerotherapy for the prevention of recurrent variceal bleeding, compris- 
ing 1091 patients, ligation was clearly superior to sclerotherapy, with a 
rebleeding rate of 21% for ligation compared to 36% for sclerotherapy (OR 
0.46, Cl 0.46-0.60) 13 . There was no difference in overall mortality but 
mortality related to recurrent bleeding was reduced in patients treated with 
band ligation. In addition, there were fewer sessions required to eradicate 
varices and fewer complications of treatment. Recurrence of varices was 
similar for the two endoscopic therapies. As a result of these trials, esophageal 
variceal ligation has replaced sclerotherapy as the endoscopic treatment of 
choice for prevention of recurrent variceal bleeding. There are no published 
trials comparing variceal ligation to non-selective [3-blockers as monother- 
apy for the prevention of variceal rebleeding. 

Prevention of recurrent bleeding from gastric varices is problematic, with 
neither sclerotherapy nor variceal ligation effective, and both associated with 
significant complications. Endoscopic techniques that may offer benefit are 
the use of cyanoacrylate glue and endoscopically placed detachable snares, 
but these techniques have been evaluated more for the control of acute 
bleeding than the prevention of recurrent bleeding 16 . 

COMBINATION THERAPIES: p-BLOCKERS PLUS ISOSORBIDE- 
5-MONONITRATE VS p-BLOCKERS 

The rationale for the combined use of a non-selective |3-blocker and a long- 
acting nitrate is the greater hemodynamic response (HVPG decrease > 20% 
or to <12 mmHg) achieved with combination therapy. In an acute study, 
Garcia-Pagan et al. were able to achieve a significant reduction in HVPG 
when isosorbide-5-mononitrate was added to propranolol in patients who 
previously had not responded to propranolol 17 . In a subsequent study, in 
which HVPG was measured at baseline and 3 months, the combination of 
propranolol and isosorbide-5-mononitrate achieved a reduction in HVPG 
> 20% in 50% of patients compared to 10% for propranolol monotherapy 18 . 
Larger trials have reported that 36% of patients treated with maximal doses 
of propranolol will achieve a > 20% reduction in HVPG 19 . In this study 
patients achieving a hemodynamic response had a rebleeding rate of 8% 
compared to 53% for patients unable to reach this hemodynamic endpoint 
with (3-blocker therapy. A more detailed discussion of hemodynamic meas- 
urements in the management of portal hypertension can be found in the 
chapters by Groszmann and Burroughs. 

In a trial involving 95 patients, patients randomized to receive propranolol 
and isosorbide-5-mononitrate to prevent variceal rebleeding achieved a sta- 
tistically significant lower rebleeding rate at 3 years compared to propranolol 
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monotherapy (45.5% vs 66.1%) that was not achieved in the first 2 years of 
follow-up 20 . The beneficial effect was more pronounced in patients > 50 
years old. Survival was similar for the two groups. Patients treated with 
combination therapy had significantly more side-effects of therapy. In con- 
trast, a study published only in abstract found a somewhat higher mortality 
in patients randomized to receive nadolol plus placebo (32% vs 20%, p = 
0.15) with no difference in rebleeding and more side-effects in patients on 
combination therapy 21 . Therefore, the limited available data do not support 
the use of combination therapy over a |3-blocker alone for prevention of 
recurrent variceal bleeding. 

The combination of a non-selective P-blocker and a long-acting nitrate 
has been compared to endoscopic variceal ligation in three RCT, includ- 
ing 365 patients 22-24 . Villanueva et al. compared nadolol and isosorbide- 
5-mononitrate to variceal ligation in a trial in which baseline and 3-month 
measurements of HVPG were obtained in all patients. With a mean 
follow-up of 24 months they reported significantly less total rebleeding and 
rebleeding from esophageal varices in patients treated with combination 
pharmacologic therapy 22 . Although there was a trend toward lower transfu- 
sion requirements and death related to bleeding in the pharmacologic treat- 
ment group, it did not reach statistical significance, and overall mortality 
was similar for both treatment groups. In patients achieving a hemodynamic 
response, defined as a >20% decrease in HVPG and/or a decrease in 
HVPG <12 mmHg, the rebleeding rate was 16% compared to 67% in 
patients not achieving this hemodynamic goal. Similarly, the rebleeding rate 
was 14% in patients spontaneously achieving a hemodynamic response in 
the variceal ligation group, compared to 59% in the patients who had no 
significant change in HVPG. Patch et al. designed a trial comparing propran- 
olol and isosorbide-5-mononitrate to variceal ligation in which measure- 
ments of HVPG were made at baseline and 8-12 weeks after being started 
on propranolol monotherapy 23 . If the patients did not achieve a hemo- 
dynamic response, isosorbide-5-mononitrate was added in a dose of 
10-20 mg/day. However, only 50% of patients on propranolol had a repeat 
measurement of HVPG because death, liver transplantation or the need for 
TIPS for uncontrolled recurrent bleeding preceded the timing of the second 
measurement. Nevertheless, five patients achieved an HVPG < 12 mm at 
some point during follow-up, and none of these rebled. Although not statis- 
tically significant, there was a trend toward less rebleeding in patients 
randomized to pharmacologic treatment, with no difference in mortality. A 
third RCT by Lo et al., comparing nadolol and isosorbide-5-mononitrate 
with variceal ligation, was a single-center trial in which patients receiving 
nadolol had a mean dose of 48 mg/day, which is considerably lower than 
most other RCT evaluating non-selective (3-blockers and compares to a 
mean dose of 96 mg/day in the trial by Villanueva et al 24 . The 57% rebleed- 
ing rate in patients receiving pharmacologic therapy is similar to the 63% 
rebleeding rate reported in the meta-analysis of (3-blocker RCT for patients 
on placebo or no treatment for prevention of recurrent bleeding 10 Lo et al. 
report a significant benefit for prevention of rebleeding from esophageal 
varices in patients receiving variceal ligation (RR 0.45, Cl 0.24-0.85), 
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p-Blocker + ISMN EVL 




Figure 3. Randomized controlled trials of p-blockers plus isosorbide-5-mononitrate vs esopha- 
geal variceal ligation for the prevention of rebleeding. The odds ratio for the group is 0.85; 
95% confidence interval 0.56-1.28 (n.s.) 

although prevention of rebleeding from all sites did not reach statistical 
significance (38% ligation vs 57% pharmacologic therapy, p = 0.10). Despite 
the success in preventing rebleeding from varices, death occurred in 15 
patients randomized to variceal ligation compared to eight on combination 
pharmacologic therapy ( p = 0.06). A meta-analysis of these trials shows a 
trend in favor of pharmacologic therapy, but more data are needed to 
ascertain whether this perceived benefit will be clinically significant (Figures 
3 and 4) 25 . 

VARICEAL LIGATION PLUS 0-BLOCKERS VS VARICEAL 
LIGATION 

In a single-center, non-blinded RCT, Lo et al. compared esophageal variceal 
ligation, nadolol and sucralfate to variceal ligation monotherapy for the 
prevention of recurrent hemorrhage 26 . With a median follow-up of 21 
months, 23% of patients receiving triple therapy experienced recurrent bleed- 
ing compared to 47% treated with ligation only (p = 0.005). Triple therapy 
was also superior for preventing recurrent variceal hemorrhage and recur- 
rence of esophageal varices after initial ligation therapy. The mortality was 
16.7% for patients receiving triple therapy compared to 32.3% for patients 
treated with ligation (p = 0.08). Although this initial trial is promising, 
additional studies supporting their conclusions are needed before we can 
consider the combination of endoscopic and pharmacologic therapy as 
having an advantage over variceal ligation as a single therapy. 

TREATMENT FOR MEDICAL FAILURES 

TIPS has become the primary treatment for patients failing medical therapy 
for the prevention of recurrent variceal bleeding. However, in most of the 
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Figure 4. Randomized controlled trials of p-blockers vs isosorbide-5-mononitrate vs esopha- 
geal variceal ligation; mortality. The odds ratio for the group is 0.69; 95% confidence interval 
0.44-1.08 (n.s.) 
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RCT comparing TIPS to sclerotherapy, the trials were designed as the initial 
therapy, not treatment of medical failures. A meta-analysis of these trials 
found TIPS superior for prevention of recurrent bleeding but at a cost of 
an increase in hepatic encephalopathy with no difference in survival 27,28 . In 
a trial comparing TIPS with endoscopic variceal ligation, patients were 
randomized within 24 hours after control of acute variceal bleeding with a 
mean follow-up of 16 months 29 . Rebleeding was significantly more frequent 
in patients treated with variceal ligation (51.9%) compared to TIPS (9.87%) 
(p < 0.006). The development or worsening of encephalopathy was similar 
for both treatment groups, with no survival differences. These results were 
confirmed in two additional RCT in which TIPS was superior to variceal 
ligation for the prevention of recurrent variceal hemorrhage, with no signifi- 
cant differences in encephalopathy or survival 30,31 . Why the incidence of 
new and/or worsening encephalopathy is significantly greater when TIPS is 
compared to endoscopic sclerotherapy than when compared to variceal 
ligation is unclear, but the sample size for the latter trials is small, with only 
the study by Jalan et al. published. 29 

In an RCT confined to Child-Pugh class B/C cirrhotics, patients were 
randomized to a combination of propranolol and isosorbide-5-mononitrate 
versus TIPS for the initial prevention of variceal rebleeding and followed 
for a mean of 15 months 32 . Rebleeding occurred in 13% of patients treated 
with TIPS compared to 39% receiving combination drug therapy ( p = 
0.007). However, encephalopathy was significantly more common in patients 
receiving TIPS (38%) than pharmacologic therapy (14%) (p = 0.007), with 
no difference in survival. The cost of TIPS treatment was double the cost 
of pharmacologic therapy (21603 vs 10692 Euros). 
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Not surprisingly, TIPS is more effective than medical therapy for the 
prevention of recurrent variceal hemorrhage, but with more encephalopathy, 
a higher cost, and no survival benefit. All of these trials were designed as 
initial therapy for prevention of recurrent bleeding, not for treatment of 
medical failures; perhaps a more appropriate role for TIPS. RCT to evaluate 
TIPS as a rescue procedure are needed. 

TIPS VERSUS SURGICAL SHUNTS 

For the past 50 years, surgically created total or selective shunts have been 
effective treatment for the prevention of recurrent variceal bleeding. 
Recurrent bleeding was reported in 11% of patients treated with a total 
shunt compared to 17% receiving a distal splenorenal shunt 33 . However, 
hepatic encephalopathy is more common after a total shunt, especially in 
patients with non-alcoholic cirrhosis. In patients with alcoholic cirrhosis, 
reversal of prograde portal venous blood flow occurs over time, with an 
associated increase in encephalopathy 34 . Rebleeding after a surgical shunt 
is usually due to shunt thrombosis, and occurs within the first year postoper- 
ationally. Unlike TIPS, recurrent bleeding after 1 year is unusual. 

In a trial designed for failures of sclerotherapy for prevention of recurrent 
variceal hemorrhage, Rosemurgy et al. compared a small-diameter prosthetic 
H-graft portacaval shunt with TIPS for prevention of rebleeding 35 . Patients 
were predominantly Child-Pugh class B/C with 70% having ascites at the 
time of randomization. Eleven percent of patients had a major variceal bleed 
after TIPS compared to none after a surgical shunt. Failure defined as major 
variceal hemorrhage, need for liver transplantation or death was 57% after 
TIPS placement compared to 26% for surgical shunts ( p < 0.02). Using a 
decision analysis model, Zacks et al. found the DSRS more cost-effective 
than TIPS for Child-Pugh class A patients with no significant difference in 
survival 36 . Henderson et al. are currently conducting a multi-center, NIH- 
sponsored trial comparing TIPS and the distal splenorenal shunt in an 
attempt to determine the appropriate role for each procedure. 

With the development of coated stents for TIPS, the efficacy and complica- 
tions of TIPS will need reassessment. Comparing a polytetrafluoroethylene- 
coated stent with standard non-coated stents, Bureau et al. reported signifi- 
cantly less shunt dysfunction (13% vs 44%) and clinical relapse defined as 
uncontrolled bleeding, recurrent bleeding or refractory ascites (8% vs 29%) 
with coated stents 37 . There was also a trend toward less encephalopathy 
and a better 2-year survival that did not reach statistical significance. 

CONCLUSIONS 

Both non-selective P-blockers and endoscopic variceal ligation are effective 
for decreasing the risk of recurrent variceal bleeding, and should be consid- 
ered first-line therapy. Factors to consider when making a decision are 
patient compliance and the portal hemodynamic response to pharmacologic 
therapy. Non-compliant patients should be treated with variceal ligation. 
The roles of combination pharmacologic therapy or pharmacologic therapy 
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combined with variceal ligation are evolving. For now their use should 
probably be restricted to very high-risk patients or patients who have failed 
monotherapy. Both surgically created shunts and TIPS are effective for 
treatment of medical failures. The advent of coated stents may redefine the 
role of TIPS, but appropriate RCT will need to be done. Finally, liver 
transplantation is life-saving for appropriate candidates, based on their 
MELD score. 
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28 

Cost-effectiveness of primary 
prophylaxis for esophageal variceal 
bleeding 

JAYANT A. TALWALKAR 



INTRODUCTION 

A recent examination of control groups in acute variceal hemorrhage trials 
is noted for an overall 40% risk reduction in mortality over the past three 
decades 1 ; however, the probability of death remains high (25-30%) despite 
advances in medical management. From a number of high-quality random- 
ized controlled trials the use of beta-adrenergic blocking agents (beta-block- 
ers) as primary prophylaxis is associated with a 50% risk reduction in 
esophageal variceal bleeding 2 . Among patients ineligible or intolerant of 
beta-blocker therapy, clinical benefits from endoscopic variceal ligation 
(EVL) versus observation alone are also recognized 3 . 

Independent of the primary prophylaxis method used, the clinical effec- 
tiveness of these strategies remains unknown based on limited evidence. 
Even less is known about the extent of resource utilization and subsequent 
impact on health status associated with primary prophylaxis. Recently, a 
number of economic analyses 4-7 have been developed to answer these ques- 
tions and identify gaps in knowledge. This chapter will provide a systematic 
overview of results from these studies and explore areas of need for future 
investigations. A single investigation employing decision analysis methods 
alone is recognized 8 , but will not be included in this chapter. 



PRINCIPLES OF COST-EFFECTIVENESS ANALYSIS 

Based on the recognition of limited resources, there continues to be a need 
for identifying clinical strategies associated with fiscally responsible health- 
care. Several methods for conducting an economic evaluation between two 
or more competing strategies have been developed. Common to these designs 
is the determination of a ratio involving consequences of health (outcomes) 
and the costs required to execute a particular strategy. The most commonly 
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employed technique is known as cost-effectiveness analysis. A cost-effec- 
tiveness (C/E) ratio can be defined by the following equation: 

[Cost] ProgramB [Cost] ProgramA 

[Health benefit] ProgramB - [Health benefit ] Program A 

When two or more strategies are compared, the measure of choice is called 
an incremental cost-effectiveness ratio (ICER). The ICER represents the 
additional cost required to prevent one additional outcome (i.e. variceal 
bleed) when choosing the more expensive of two competing strategies. It is 
calculated by ranking strategies from the least to the most expensive and 
performing calculations as done for a C/E ratio. The recommended metric 
for ICER is “cost per quality-adjusted life year (QALY)”. Quality of life is 
best determined by health state preferences (or utilities) elicited from patients 
who are enrolled in the program of interest. The product of health state 
utility with number of life years gained from an intervention is used to 
calculate QALY values 9,10 . 

Disease states characterized by well-defined stages of progression are best 
suited for the application of mathematical modeling. A technique called the 
Markov state-transition process (or Markov model) is commonly used to 
simulate the natural history of chronic disease and its attendant complica- 
tions 11 . The transition probabilities for moving from one stage to the next 
are based on evidence from observational and intervention studies published 
in the literature. When using a Markov model, individuals are not allowed 
to return to an earlier stage of their disease. The inability to have esophageal 
varix regression over time is an example of this concept. 

REVIEW OF PUBLISHED COST-EFFECTIVENESS ANALYSES 
FOR PRIMARY PROPHYLAXIS 

To date, a number of cost-effectiveness analyses 4-7 examining various pri- 
mary prophylaxis strategies have been published. The most frequently 
studied approaches include: ( 1 ) observation alone, (2) universal beta-blocker 
therapy without performing screening endoscopy, (3) beta-blockers after 
endoscopy, and (4) variceal band ligation at the time of endoscopy. Other 
methods including endoscopic sclerotherapy, surgical shunt, and transjugu- 
lar portosystemic shunt (TIPSS) have been studied in only one investigation 4 . 
The rationale for including observation as a clinical strategy, despite the 
ethical questions raised by this approach, has not been well-described in 
these models. 

Teran et al. (1997) 4 

The first published analysis was from Teran and colleagues. Using a Markov 
model, a total of four primary prophylaxis strategies were compared. These 
comprised observation alone, propranolol, endoscopic sclerotherapy, and 
shunt surgery. Patients were stratified according to known prognostic factors 
for variceal hemorrhage including varix size and Child-Turcotte-Pugh 
(CTP) classification. Primary model endpoints were: (1) incidence rate of 
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variceal bleeding, (2) bleed-related mortality rate, (3) overall mortality rate, 
(4) life expectancy, and (5) quality-adjusted life expectancy. 

Among hypothetical cohorts of 40-year-old men with cirrhosis, the most 
cost-saving method of primary prophylaxis was propranolol. Quality- 
adjusted life expectancy increased by 1-3 months in all subgroups with 
propranolol compared to observation alone. The remaining strategies were 
cost-prohibitive and without gains in quality-adjusted life expectancy. The 
model’s results were stable after varying the probabilities of variceal bleeding 
rate, bleed-related mortality rate, and all-cause mortality rate. 

Arguedas et al. (2002) 6 

An examination of the entire process for initiating primary prophylaxis in 
clinical practice was performed by Arguedas and colleagues. This included 
endoscopic screening, surveillance, and the treatment of primary prophylaxis 
failures. A Markov model was used to compare four clinical strategies: 
observation alone, beta-blockers following endoscopic screening, variceal 
band ligation following endoscopic screening, and universal beta-blocker 
treatment without screening. Patients with compensated cirrhosis (CTP A) 
and decompensated cirrhosis (CTP B and C) were examined separately. In 
accordance with consensus practice guidelines 12 " 14 , patients without esopha- 
geal varices at screening endoscopy underwent repeat examination in 2 
years. If small varices were identified, surveillance endoscopy was performed 
in 1 year and annually thereafter until large varices developed. Beta-blockers 
were instituted when large varices on screening or surveillance endoscopy 
were found with no further endoscopy performed. The intolerance rate to 
beta-blockers was assumed to be 15% with affected patients referred for 
variceal band ligation as primary prophylaxis. Model outcomes included: 
(1) life expectancy, (2) number of bleeding episodes, and (3) expected costs 
for each strategy. 

For a 50-year-old patient with compensated cirrhosis the ICER for endo- 
scopic screening and beta-blocker therapy versus endoscopic variceal liga- 
tion was $4700 (US dollars) per QALY. Universal beta-blocker prophylaxis 
was considered cost-prohibitive compared to other strategies. Variceal liga- 
tion was preferred in this patient population if the risk reduction with beta- 
blockers was < 30%, intolerance rate to beta-blockers was > 27%, and the 
cost of beta-blocker treatment exceeded $400 annually. 

For a 50-year-old patient with decompensated cirrhosis the ICER for 
endoscopic screening and beta-blocker therapy versus endoscopic variceal 
ligation was $4000 per QALY. However, the ICER for universal beta-blocker 
treatment was more favorable compared to endoscopic screening and beta- 
blockers ($2000 per QALY) and endoscopic variceal ligation ($2727 per 
QALY). 

Saab et al. (2003) 5 

A Markov model was also used by Saab and colleagues to compare three 
strategies for primary prophylaxis. These strategies included universal beta- 
blocker treatment without endoscopic screening, endoscopic screening fol- 
lowed by beta-blocker therapy, and observation alone. Endoscopic surveil- 
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lance for patients with no or small esophageal varices at index endoscopy 
was according to consensus practice guidelines. Again, the intolerance rate 
to beta-blocker therapy was assumed to be 15%. Model outcomes included: 
(1) the number of patients who bled, (2) the number of patients who rebled, 
and (3) the number of patients with bleed-related death. 

Among a hypothetical cohort of 1000 patients (CTP class unknown), the 
dominant strategy in this model was universal prophylaxis with beta-block- 
ers compared to endoscopic screening and observation. If compliance with 
the strategy of endoscopic screening and beta-blocker therapy is high, then 
this strategy was the preferred method compared to universal primary 
prophylaxis. 

Spiegel et al. (2003) 7 

The most recent cost-effectiveness analysis was published by Spiegel and 
colleagues. In this study a total of six clinical strategies were examined 
comprising: ( 1 ) observation alone, (2) universal beta-blocker therapy without 
endoscopic screening, (3) endoscopic screening then beta-blocker therapy, 
(4) endoscopic screening then variceal ligation, (5) screening only high-risk 
patients based on clinical prediction rules followed by beta-blocker therapy, 
and (6) screening only high-risk patients with clinical prediction rules fol- 
lowed by variceal ligation. Both intolerance and non-compliance rates with 
beta-blocker therapy were included in the model. The primary model out- 
come was cost per initial variceal bleed prevented by each strategy. 

Among 50-year-old patients with CTP class A or B cirrhosis, the strategy 
of observation alone was noted for a cost of $2401 per initial bleed prevented. 
The ICER for universal beta-blocker therapy versus observation alone was 
$12408 per additional bleed prevented. When comparing screening endo- 
scopy followed by beta-blocker therapy versus universal beta-blocker 
therapy, the ICER was $175 833 per additional bleed prevented. Screening 
endoscopy followed by variceal ligation cost $178 400 per additional bleed 
prevented compared to endoscopy and beta-blocker therapy. Both strategies 
using clinical prediction models were more expensive and less effective than 
universal beta-blocker therapy. The authors concluded that beta-blocker 
therapy was the optimal strategy. 

As the probability of beta-blocker non-compliance increased to 80%, the 
ICER for endoscopic screening with variceal ligation dropped to < $50000 
per additional bleed prevented compared to universal beta-blockers. When 
the cost of screening endoscopy was reduced by 66% (or less than $300), 
the ICER for endoscopic screening with variceal ligation was $50000 per 
additional bleed prevented compared to universal beta-blockers. 

FACTORS TO CONSIDER IN COST-EFFECTIVENESS ANALYSIS 
OF PRIMARY PROPHYLAXIS 

Variation in methodology used for analysis 

Specific recommendations for the appropriate conduct of cost-effectiveness 
analyses have been reported 10 . The use of incremental cost-effectiveness 
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ratios (ICER) does not appear in all primary prophylaxis models 4 , making 
comparisons between studies difficult. In turn, the use of QALY to measure 
health benefits was not uniformly applied (see below). The exclusion of liver- 
related and all-cause mortality as model outcomes may compromise the 
validity of model results since these events influence the effectiveness of 
primary prophylaxis 7 . An important observation is the exclusion of decom- 
pensated patients (CTP C) in some models 6,7 . Finally, the cost of endoscopic 
screening should be included in all models as part of the process-of-care for 
instituting preventive therapy 4 . 

Level of evidence used for analysis 

The evidence used in published models is derived from randomized con- 
trolled trials, meta-analyses, and well-performed observational studies. 
Applying these data to simulate clinical experience in a consistent fashion, 
however, has not been observed. In two studies where universal beta-blocker 
therapy was considered the optimal strategy, the use of different estimates 
for risk reduction with variceal ligation occurred 15 . This resulted in an 
inconsistent recommendation for universal beta-blockers in patients with 
both compensated and decompensated cirrhosis. All studies have extrapo- 
lated the short-term data available for primary prophylaxis to 3- and 5-year 
time horizons. The linearity of these assumptions, however, may not be true 
in actual practice. In turn, a longer time horizon would be more applicable 
for patients with compensated cirrhosis who are expected to survive for an 
additional 5-10 years. 

Adherence to prophylaxis strategy 

The majority of existing models do not address the issue of adherence to 
primary prophylaxis 4-6 . Knowledge regarding patient compliance with long- 
term treatment (for either beta-blockers or endoscopic variceal ligation) is 
critical for understanding the actual effectiveness of these strategies. Clinical 
experience suggests that adverse events from beta-blockers are more common 
and severe in patients with decompensated cirrhosis. Based on this observa- 
tion, it becomes difficult to comprehend that universal beta-blocker treat- 
ment would be the most effective strategy for this population. The costs for 
treating adverse events and bleeding episodes in the face of inadequate 
prophylaxis from drug discontinuation would be quite large. Better informa- 
tion on patient preference and adherence, therefore, is needed before this 
recommendation can be introduced into routine clinical practice. 

GAPS IN KNOWLEDGE 

1. The effectiveness of primary prophylaxis strategies in community-based 
patients and individuals not participating in clinical trials remains 
unknown. For example, the effectiveness of long-acting beta-blocker 
agents, which are being increasingly used to improve adherence, would 
be of interest. 

2. The measurement and validation of patient preferences for primary pro- 
phylaxis has not been widely performed. Existing models which recognize 
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health state preference (utilities) have used opinion-based data 6 or infor- 
mation extrapolated from other clinical situations involving patients with 
cirrhosis. Small changes in health status can result in large changes in 
ICER. Health status assessment, therefore, is one of the most pressing 
issues for determining the true cost-effectiveness of any intervention aimed 
at patients with cirrhosis and portal hypertension. 

3. The ability to individualize therapy based on existing data is not possible. 
Decision-making with regard to primary prophylaxis, therefore, rests 
initially on determining which patients are at highest risk for variceal 
bleeding. Practice guidelines recommend that if large esophageal varices 
are found during screening endoscopy, the institution of either beta- 
blockers or EVL should be performed 12-14 . To date, efforts to develop 
prediction models for reducing the number of unnecessary procedures in 
low-risk patients are limited by poor sensitivity and remain clinically 
unhelpful 16 

4. The degree of clinical practice variation for recommending screening and 
surveillance endoscopy among referral and community-based health-care 
providers remains unknown. 
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The cirrhotic patient with no 
varices and with small varices 

CARLO MERKEL, MASSIMO BOLOGNESI 
and ANGELO GATTA 



INTRODUCTION 

The history of treatment of portal hypertension is characterized by a pro- 
gressive tendency to treat patients in earlier stages of the disease. Indeed, in 
the beginning, treatment of portal hypertension was limited to treatment of 
acute bleeding and prevention of recurrent variceal bleeding; from the end 
of the 1980s it was shown that patients with high-risk varices but without 
previous bleeding are good candidates for a pharmacologic prophylaxis (and 
in some instances for an endoscopic prophylaxis). Recent research has been 
devoted to investigating whether prophylaxis of variceal bleeding should be 
started early, when varices are not yet present (in order to prevent varices 
formation), or when small varices with low risk of bleeding are seen, in order 
to decrease the risk of growth of varices and eventually the risk of variceal 
bleeding 1 . This area of research, sometimes called “pre-primary prophylaxis”, 
is the background on which the clinical decisions on single patients with 
cirrhosis without varices or with small varices should be made. 

PATIENTS WITHOUT VARICES 

Therapeutic options for patients without esophageal varices are limited to 
non-selective beta-blockers, or endoscopic surveillance without treatment. 
A rational decision may be based on the pathophysiology and epidemiology 
of this condition, and on the few data arising from clinical trials. 

From a pathophysiological point of view, patients without esophageal 
varices represent a heterogeneous condition, including patients with initial 
portal hypertension, which has not yet reached the level necessary for the 
formation and growth of esophageal varices, and patients with full-blown 
portal hypertension, in whom a collateral circulation different from esopha- 
geal varices has already developed, and who eventually (but not necessarily) 
may also develop esophageal varices. This heterogeneity has been known 
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Table 1 . Incidence of esophageal varices in the natural history of cirrhotic patients, according 
to the published series 



Author 


Risk of developing varices 


Observations 


Cales et al. 1990 9 


18/41 after 15.8 months of follow-up 


Mostly alcoholic, one-third 
with advanced disease 


Pagliaro et al. 1994 10 


16% after 2 years of follow-up 


Mostly virus-related, 
with compensated disease 


Merli et al. 2003 11 


5% after 1 year of follow-up; 
28% after 3 years of follow-up 





for more than 20 years, since the time when the first investigations of hepatic 
venous pressure gradient (HVPG) in patients with or without varices consis- 
tently showed that some patients without varices showed minor elevations 
on HVPG, and some showed elevated levels, very similar to those of patients 
with varices 2-4 . In this area, despite an overall agreement between extension 
of collateral circulation in gastroesophageal and peritoneal areas, we also 
observed that there was a minority of cases showing extensive collateral 
peritoneal circulation, but no esophageal varices 4 . This implies that anatomi- 
cal factors may be responsible for a preferential development of collateral 
circulation in different districts, including gastroesophageal circulation. It is 
not established, however, if the risk of developing esophageal varices is 
different in these subgroups of patients. 

Despite these uncertainties the majority of cirrhotic patients without 
varices have initial portal hypertension, and the question is whether these 
patients may benefit from an early treatment with beta-blockers. Beta- 
blockers act by decreasing cardiac output and splanchnic blood inflow, 
which are increased due to the hyperdynamic syndrome induced by the 
initial formation of collateral circulation and the activation of splanchnic 
vasodilation due to endogenous factors, in particular nitric oxide. In most 
experimental models (portal vein stenosis in rats, carbon tetrachloride- 
induced cirrhosis in rats, schistosomiasis in mice) it was shown that beta- 
blockers prevent the formation of collateral circulation, hamper the increase 
in portal pressure, and lessen the increase in portal blood inflow 5-7 , although 
the same was not observed in the bile-duct ligated rat 8 . 

For these reasons it was reasonable to test the hypothesis that beta- 
blockers may prevent the formation of esophageal varices, and all the clinical 
complications of portal hypertension. Studies on this subject are very difficult 
to perform, due to the long time-course of the disease. Epidemiologic data 
support an incidence of esophageal varices ranging from 16% to 50% after 
2 years of follow-up (Table 1), and the incidence of further complications of 
portal hypertension is much lower. 

A single clinical study has been specifically addressed to evaluating the 
role of beta-blockers in preventing varices formation and the occurrence of 
the other complications of portal hypertension, and it was recently presented 
in part at the 2003 AASLD meeting 12 . However, complete data are not yet 
available. This was a double-blind study of patients with cirrhosis, without 
esophageal varices, with HVPG higher than 6 mmHg, who were randomized 
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to the non-selective beta-blocker, timolol (108 patients) or placebo (105 
patients). The authors did not observe any significant difference in occurrence 
of esophageal varices, variceal bleeding, occurrence of ascites or encephalo- 
pathy, or survival, between the two groups. The only clear-cut difference 
was that patients with baseline HVPG higher than 10 mmHg had a much 
higher rate of occurrence of varices, irrespective of the treatment received. 
It appears that in this condition beta-blockers are ineffective in preventing 
varices formation. Apart from possible problems related to the size of the 
treatment effect, which may have been too small to be observed with the 
current sample size and time of follow-up, a possible interpretation of these 
data is related to the mechanisms of action of beta-blockers. It is possible 
that, in patients with initial portal hypertension, pathophysiological mecha- 
nisms leading to portal hypertension (hyperdynamic circulation, increase in 
portal inflow) are weakly operating, and beta-blockers may have lacked the 
site on which to act. 

Whatever the reason for this lack of effect, current data do not support 
the use of beta-blockers in patients without esophageal varices. Therefore, 
endoscopic surveillance is advisable. 

PATIENTS WITH SMALL ESOPHAGEAL VARICES 

Therapeutic options for patients with small esophageal varices (less than 
5 mm in size, or FI according to Beppu’s classification) are limited to non- 
selective beta-blockers, or endoscopic surveillance without treatment. Here 
too, a rational decision may be based on pathophysiology and epidemiology 
of this condition, and on the few data arising from clinical trials. 

Usually the term “small esophageal varices” is considered synonymous 
with “low-risk esophageal varices”; FI varices, according to the Japanese 
classification, the first two classes of the NIEC classification, and all varices 
smaller than 5 mm are all considered “small esophageal varices”. 

From a pathophysiological point of view, patients with small esophageal 
varices are not markedly different from patients with large esophageal vari- 
ces. In many series no significant difference in HVPG was found between 
patients with small or large varices 2,3,13 ; when a significant difference was 
reported, it was not shown to be very relevant 4,14 . The risk of bleeding in 
patients with small varices is definitely lower than that in patients with large 
varices, reaching approximately half of the value of high-risk varices (approx- 
imately 7% vs 15% at 2 years) 15-18 . Overall, patients with small esophageal 
varices show a quantitative more than qualitative difference compared with 
patients with large esophageal varices. 

Beta-blockers also decrease HVPG in patients with small esophageal 
varices (Figure l) 19 , and it was also shown that they are more effective in 
decreasing HVPG in patients with less developed collateral circulation 20 . 

Clinical trials on the effect of beta-blockers in preventing growth of 
esophageal varices and decreasing risk of bleeding are very few. Prevention 
of growth of esophageal varices was assessed in two studies, one of which, 
coming from our study group, is currently reported as an abstract. In a 
series of patients with small esophageal varices or without varices, Cales 
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Figure 1. Hepatic venous pressure gradient in a group of patients with small esophageal 
varices treated with nadolol or placebo for 2 years (from ref. 19) 



et al. 21 investigated the value of propranolol in preventing the occurrence 
of large esophageal varices. After 2 years of follow-up they observed a 
detrimental effect of propranolol, and after 3 years of follow-up propranolol 
was also less effective than placebo, although this difference was not signifi- 
cant. Some drawbacks, however, limit the value of this report. In particular, 
an excessive fraction of patients were lost to follow-up during the study, and 
treatment was given as a fixed dose, without adjustments related to the 
individual needs. 

In October 2003 we presented the final results of a large multicenter study, 
comparing nadolol vs placebo in the prophylaxis of growth of small esopha- 
geal varices 19 . Previously, an interim analysis, suggesting a possible beneficial 
effect of treatment, was reported in 1998, after a mean follow-up of 18 
months 22 . In the complete study, which included 83 patients randomized to 
nadolol and 78 to placebo, followed for up to 60 months, we observed a 
significantly lower rate of growth of esophageal varices in patients random- 
ized to nadolol, and a significantly lower probability of variceal bleeding. 
This effect was evident when patients were analyzed from the beginning of 
follow-up, but was not observed when analysis was started from the moment 
at which patients reached a condition of large varices, and were all treated 
with nadolol. Survival was not affected by the treatment. Side-effects request- 
ing withdrawal of treatment were similar in rate to the previous studies of 
prophylaxis of variceal bleeding with beta-blockers, and were always revers- 
ible after discontinuation of the drug. Therefore, it appears that treatment 
delayed the occurrence of large varices, and decreased the overall time spent 
by patients in a condition of high-risk varices. 

Our results on the effect of beta-blockers on risk of bleeding in patients 
with small esophageal varices can be compared with a subgroup analysis of 
patients with small varices who were included in placebo-controlled trials 
of varices of any size. In two studies in which data are available 23,24 a 
tendency to improvement in outcome with beta-blockers was observed, 
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Table 2. Meta-analysis of beta-blockers vs placebo in the prophylaxis of first variceal bleeding 
in patients with small varices 



Reference 


Odds ratio 


Lower 95% Cl 


Higher 95% Cl 


Andreani et al. 1990 23 


0.14 


0.01 


2.41 


Conn et al. 1991 24 


1.12 


0.15 


8.46 


Merkel et al. 2003 19 


0.24 


0.07 


0.82 


Typical 


0.32 


0.12 


0.87 



although the numbers were too small to draw any statistical conclusions. A 
preliminary meta-analysis of the clinical results on risk of bleeding from the 
data reported in the three studies is reported in Table 2. From these figures 
it seems that a significant improvement in risk of bleeding may be obtained 
using beta-blockers in patients with small varices; however, the amount of 
available data is small. Therefore we should wait further studies on this 
topic before drawing definite conclusions about the treatment of patients 
with small esophageal varices. 

From a pharmacoeconomic point of view, early treatment with beta- 
blockers may be favorably compared with the conventional strategy of 
endoscopic surveillance and treatment when varices become large. Indeed, 
drug treatment with beta-blockers is inexpensive and, when patients are 
included in a treatment program, there is no reason to continue endoscopic 
surveillance; in addition, early treatment decreases the overall risk of first 
variceal bleeding, reducing the global cost of treatment of these patients. A 
preliminary sensitivity analysis demonstrated that the cost of early treatment 
is also lower than that of the conventional strategy if the risk of developing 
large varices, or the difference in risk of bleeding between the two strategies, 
is decreased by half, or if the interval between surveillance endoscopies is 
changed from 12 months to 18 or 24. Therefore, if the results of our trial 
are confirmed in further studies, prophylaxis of variceal bleeding starting 
from small esophageal varices may also become the best option from a 
pharmacoeconomic point of view. 

Until further clinical trials are available, although early treatment is not 
definitely proven to be superior to the conventional strategy, I feel that, for 
all the reasons outlined above, it may be reasonable to start prophylaxis 
with non-selective beta-blockers when patients have small esophageal 
varices. 
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S. K. SARIN 



The prevalence of gastric varices (GV) in patients with portal hypertension 
has been reported to vary between 2% and 70% 1-3 . This substantial variabil- 
ity in the prevalence of GY is probably related to the differences in the 
patient populations, stage of cirrhosis and bleeding status, the techniques 
used for the diagnosis, and the classifications used for GY. In general, GY 
are present in about one in five patients with portal hypertension. On the 
other hand, about 5-10% of patients with gastric varices may not have 
esophageal varices 4 . It is worthwhile to note that GY are significantly more 
common in bleeders than in non-bleeders (27% vs. 4%), perhaps indicating 
that GV develop at a more advanced stage of portal hypertension 5 . 

GY are more difficult to detect by endoscopy, especially if they are small 
and isolated. Small varices in the fundus are often mistaken for mucosal 
folds. Their identity as varices is based on their shape (grape-like clusters) 
and their bluish tinge. On endoscopic ultrasound 6,7 , they can be seen as 
circular or linear anechoic channels within the gastric wall. The addition of 
color Doppler may confirm blood flow within varices and document oblitera- 
tion of GV after endoscopic treatment. MR angiography and multislice CT 
scanning are likely to further improve our accuracy in diagnosing GY. 

CLASSIFICATION OF GASTRIC VARICES 

GV can be satisfactorily classified only by endoscopy. While several classifi- 
cations have been proposed 3,5,7 , the most widely accepted is Sarin’s classifi- 
cation which is based on the anatomical location of GV, their relationship 
with esophageal varices and their origin as primary (GY present at the time 
of initial presentation) or secondary (GV presenting after the obliteration of 
esophageal varices) GV (Figure l) 5 . This classification was evaluated in a 
prospective manner in a series of 568 patients and was found to be quite 
useful in defining the natural history and outlining the management of GV. 
This classification was also prospectively evaluated by Kind et al. 9 in a 
large study of 657 Italian patients with portal hypertension. They reaffirmed 
the usefulness of Sarin’s classification in determining the natural history and 
selection of choice of therapy for different types of GV. The same was 
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Classification of GV 



Gastro Oesophageal Varices (GOV) 



Based on location 
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GOV2 



Based on presentation 



isolated Gastric Varices (IGV) 
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IGV1 



IGV2 



Figure 1 . Sarin’s classification of gastric varices 

unanimously accepted at the Baveno III consensus conference on portal 
hypertension 10 . According to this classification GV are divided into two 
main types: 

Gastro-oesophageal varices (GOV) 

These varices extend beyond the gastro-oesophageal junction and are always 
associated with oesophageal varices. They are further subdivided into: 

1. Type 1 (GOV1): These appear as continuations of oesophageal varices 
and extend for 2-5 cm below the gastro-oesophageal junction along 
the lesser curvature of the stomach. These varices are more or less 
straight (Figure 2a), 

2. Type 2 (GOV2): These varices extend beyond the gastro-oesophageal 
junction towards the fundus of the stomach (Figure 2b). They appear 
as long, tortuous and nodular elevations at the cardia. 

Isolated gastric varices (IGV) 

GV in the absence of oesophageal varices are termed “isolated” GV. 
Depending on their location, they are subdivided into: 

1. Type 1 (IGV1): These varices are located in the fundus of the stomach 
and fall short of the cardia by a few centimeters (Figure 2c). 

2. Type 2 (IGV2): These include isolated ectopic varices present anywhere 
in the stomach (Figure 2d), such as in the antrum, pylorus or body or 
in the first part of the duodenum. 

Pathogenesis of gastric varices: 

To understand the origin of GV, it is necessary to understand the venous 
drainage of the stomach, lower oesophagus and spleen. The fundus of the 
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(A) GOV1 



(B) GOV2 




Figure 2 



(C) IGV1 



(D) IGV2 (active bleeding duodenal varix) 



stomach has a rich venous plexus in its submucosa. This plexus drains into 
the splenic vein via the short gastric veins and into the portal vein via the 
coronary vein. GY can develop in patients with either generalized (e.g. in 
cirrhosis) or segmental (e.g. in splenic vein thrombosis) portal hypertension. 
In generalized portal hypertension, the raised portal pressure would be 
transmitted via the left gastric vein to esophageal varices and via the short 
and posterior gastric veins to the fundic plexus and cardiac veins. GOV 1 or 
lesser curve varices are formed by the dilation of the left gastric vein at the 
cardia 11 . Hashizume et al. 12-15 have shown that GOV1 develop because one 
of the branches of the left gastric vein perforates the gastric wall perpendicu- 
larly (Figure 3) and joins the deep submucosal veins about 2 cm below the 
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■ Patients with GV 
Remaining patients 

C : Cirrhosis 
N : NCPF 
E : EHPVO 
H : HVOTO 

Total 415/1424 Bleeders 351/930 Non-Bleeders 68/493 

(29%) (37%) (13.7%) 

Figure 3. Prevalence of gastric varices in different types of portal hypertension 

gastro-oesophageal junction. Near the cardia these submucosal veins pierce 
the muscularis mucosae in the palisade zone and at the proximal border of 
the palisade zone the veins pierce the muscularis mucosae to run again 
within the submucosa 13 . Thus, a high pressure zone develops below the 
palisade zone and explains the appearance of both GOV1 and GOY2. 

In segmental portal hypertension, GV develop in the absence of oesopha- 
geal varices, mainly due to splenic vein obstruction. The splenic blood flows 
retrogradely through the short and posterior gastric veins into the submu- 
cous space and subsequently varices develop into the fundus and cardiac 
region from which the blood flows hepatopetally through the coronary vein 
into the portal vein. The lower oesophageal veins are thus bypassed so that 
oesophageal varices do not develop 14 . Retrograde flow occurs through the 
left to the right gastroepiploic vein and also superior mesenteric vein and 
can explain the development of ectopic varices in the stomach. 

Development of isolated GV in the presence of patent splenic vein is 
difficult to explain. This could possibly occur because of direct anastomosis 
between the gastric and retroperitoneal veins which open up due to raised 
portal pressure 15 . However, what determines the route by which major 
portosystemic collaterals develop when portal pressure increases is not 
known. The size and length of the potential collateral vein probably deter- 
mine whether a patient develops oesophageal or gastric varices, and, in the 
latter case, which type 4 . 

Hemodynamics of gastric varices 

For oesophageal varices, a higher hepatic vein pressure gradient (HVPG) is 
generally considered to give a higher risk of first bleed, rebleed and poor 
outcome. A reduction in the HVPG has been shown to be associated with 
lower risk of bleeding. 

Patients with GV probably have lower hepatic vein pressure gradient 
than patients with oesophageal varices, though some recent reports dispute 
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6.7% 1 - 4% 




70% 



■ GOV1 

■ GOV2 

■ IGV1 
!GV2 



Total patients : 415 



Figure 4. Frequency of different types of gastric varices 

this 17,18 . In patients with large GV (those more likely to bleed) are often 
associated with large gastrorenal shunts which can reduce the portal vein 
pressure 4,16 . However, these shunts are unable to decompress the pressure 
and patients do bleed from GV despite an HVPG lower than 12 mmHg. 

PREVALENCE OF DIFFERENT TYPES OF GASTRIC VARICES 

The frequency of different types of primary GV is shown in Figures 3 and 
4. A nearly similar frequency has been observed by other workers 9 . It is to 
be noted that, in a proportion of patients, both GOV1 and GOV2 do 
co-exist 5 . 

NATURAL HISTORY OF GASTRIC VARICES 

Patients with GV can be asymptomatic and detected incidentally and can 
present with UGI bleeding or with hepatic encephalopathy. In nearly 3/4 of 
the patients, GV are detected during treatment of bleeding oesophageal 
varices or at routine UGI endoscopy in a patient with portal hypertension. 
Only about 1/4 of the patients present with GV bleeding and a small 
proportion with hepatic encephalopathy. 

GV bleeding 

Incidence 

There are conflicting reports on how often and how severely GV bleed. 
The incidence of bleeding from GV has been reported between 3% and 
43% 5,9,19,20 . It is generally believed that GV bleed less frequently than 
oesophageal varices. This however, would depend on the type of GV. We 
observed in a large prospective study that the incidence of bleeding is higher 
in IGV1 (78%) and GOV2 (55%) than GOV1 (11%) 9 Thus, both IGV1 
and GOV2 have a higher incidence of bleeding than the oesophageal varices. 
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Table 1 . Factors for hemorrhage from fundal varices 20 



Factor 


Risk ratio 


Size of fundal varices 


2.18(1.21-3.93)* 




4.75 (1.45— 15.5) 1 ' 


Child’s status 


1.70 (1.11-2.59)* 




2.88 (1.21-3.93)* 


Red spot present 


2.06 (1.01-4.19)* 



* Small vs. medium. 
f Small vs. large. 

* Class A vs. class B. 

§ Class A vs. class C. 

* Absent vs. present. 

Kind et al. 9 in a recent study found the frequency of bleeding from GOV2 
and IGV1 to be 60.3%. Korula et al. 19 also observed that the number of 
bleeding episodes in patients with fundal (4.8 ±2.9) varices was higher than 
junctional (2.2 ±2.2) varices. 

The bleeding risk factor per year (total number of bleeding episodes/time 
interval between the first and the last bleed) for oesophageal varices is higher 
than for GV (4.3 ±0.4 vs. 2.0 ±0.6, p < 0.01 ) 5 . The mean number of bleeding 
episodes in patients with gastric and oesophageal varices is however compar- 
able (2.14 ± 1.03 vs. 2.3 ± 1.8). Kind et al. 9 observed in a series of 67 patients 
an overall tendency of bleeding from GV to be lower (43.3%) compared 
with oesophageal varices (79.8%). Kim et al. 20 , in a prospective study of 
117 patients with fundal varices, documented cumulative bleeding rates at 
1, 3, and 5 years of 16%, 36%, and 44%, respectively. In another recent 
study, Tomikawa et al. observed bleeding in 87 (29%) of the 300 patients 
with GV 24 . 

Risk factors for bleed 

Kim et al. 20 have identified the size of fundal varices, presence of red spots 
on fundal varices, and the Child’s status of the patient as important risk 
factors (Table 1). Hashizume et al. 8 have also emphasized the importance 
of size and red spots on GV. There is however a need to objectively validate 
these risk factors. Accurate determination of the size of GV is not easy, as 
quite often these veins form bunches. A simple approach practiced by us is 
to use the shaft of the retroflexed endoscope as a measuring scale. Varices 
larger than the scope (approximately 10 mm) are called large GV. This 
approach was agreed upon unanimously as useful in the Baveno III 
International conference 10 . However, its predictive value needs to be studied 
prospectively. 

Influence of oesophageal variceal obliteration on GV 

It is now well known that variceal obliteration could alter the natural history 
of GV. The possible variables are: 

(a) Influence on coexisting GV. 
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(b) Development of new GV following obliteration of oesophageal varices 
(secondary GV). 

(c) Induction of bleeding from GV while performing sclerotherapy or 
ligation for oesophageal varices. 

(a) Influence on coexisting GV 

Logically, only GOV are likely to be influenced by the treatment of oesopha- 
geal varices. In nearly 60% of the patients GO VI and in 25% of patients 
GOV2 disappear within 6 months of obliteration of oesophageal varices, by 
either sclerotherapy or variceal ligation. This regression of GOV1 or GOV2 
is likely to be due to the flow of the sclerosant towards the stomach or 
formulation of a thrombus at the GE junction which could propagate 
caudally 13 . It is recommended that, in patients with GOV1/GOV2, the 
oesophageal varices should be treated first. If GV persist beyond 6 months, 
then they should be treated 5 . 

(b) Development of secondary GV 

GV which develop after obliteration of oesophageal varices are termed 
secondary GV. The reported frequency of secondary GV varies between 
9.7% and 43% 3,5,8,19 . While in some series GOV1 have been reported to 
develop more frequently than GOV2 (11.2% vs. 4.1 %) 6 , (9.6% vs. 0.5%) 3 , 
in our experience, GOV2 develop more frequently than GOV1 (11.4% vs. 
2.6%) after oesophageal variceal eradication 5 . Using endoscopic ultrasono- 
graphy, development of secondary GV has been detected in 26-43% of 
patients 6 . 

The frequency of bleeding from secondary GV has been reported to be 
higher than with primary GV. Over a follow-up period of 16.1 and 12.6 
months, the bleeding incidence in secondary GOV1 and GOV2 was 37% 
and 100%, respectively. A high incidence of bleeding from secondary GOV2 
and IGV1 has also been reported by Kind et al. 9 These observations raise 
an important issue: should secondary GV be treated prophylactically? There 
is a need to evaluate both pharmacotherapy and endoscopic therapy in this 
group of patients. 

(c) Induction of bleeding from GV 

It has been suggested that sclerotherapy blocks the shunting veins which 
are present in the palisade zone. This leads to increased blood flow in the 
gastric veins and a rise in portal pressure, possibly leading to dilation and 
rupture of these veins 21 . However, bleeding from GV due to oesophageal 
variceal sclerotherapy is quite rare 22-24 . Neverthless, an isolated study has 
reported bleeding in 10% of patients 25 . 

Hepatic encephalopathy 

Cirrhotics with GV develop encephalopathy more often than patients with 
only oesophageal varices (25 vs. 3%) 4 . This is due to the entry of nitrogenous 
substances from the gut directly into the systemic circulation through the 
shunts which form the GV The stage of underlying liver disease determines 
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the development of encephalopathy to a large extent. This, however, is not 
true for patients with non-cirrhotic portal hypertension who, despite having 
a higher reported incidence of GV 5 , do not have an increased incidence of 
hepatic encephalopathy 26 . 

Correlation with portal hypertensive gastropathy 

There are limited data on this aspect. Cales et al., in an anecdotal experience, 
observed no influence of GV on the development of PHG 27 . On the other 
hand, in our prospective study of 107 patients, 36 had coexisting GV and 
the rest had only oesophageal varices before sclerotherapy. PHG developed 
in 42% of the former and 11% of the latter patients after sclerotherapy 
(p<0.01) 28 . This suggests that the chances of development of PHG are 
increased nearly fourfold when GV are present compared to when oesopha- 
geal varices alone are there. The higher frequency of association of PHG 
with GV could be explained by redistribution and an increase in gastric 
blood flow after obliteration of oesophageal varices. However, Eleftheriadis 
et al. 29 , using the endoscopic laser-Doppler technique, found an increase in 
the gastric microcirculation after sclerotherapy only in the pyloric area, and 
not in the fundic area, where gastropathy is more common. 

MANAGEMENT OF GASTRIC VARICEAL BLEED 

Current protocols for bleeding GV have been adopted from the treatment 
of bleeding oesophageal varices. Hemostatic methods that use standard 
therapy for oesophageal varices have not been found effective for gastric 
varices. Most reports of endoscopic treatment of bleeding gastric varices are 
small series, case reports, or retrospective reviews. Only a few studies have 
prospectively compared the effectiveness and safety of different treatment 
modalities. Hence, despite nearly 25 years of active interest, the management 
of GV remains largely empirical. 

Primary prophylaxis of bleeding from GV 

Should non-bleeding GV that accompany bleeding oesophageal varices or 
non-bleeding IGV be prophylactically treated? This can only be answered 
if more data on the natural history of GV bleeding and survival become 
available in relation to the location, size, presence of red signs and Child’s 
status of the patient. Thus, prophylactic treatment of GV is not warranted 
in general at the present time. However, as mentioned above, since patients 
in whom GOV1 persist after obliteration of oesophageal varices, bleed 
significantly more often, they form a group which requires prophylactic 
treatment. In these patients prophylactic (3-blockers or endoscopic interven- 
tion could be tried, though their value is empirical (GE). 

It is known that fundal (GOV2 and IGV1) varices are at a higher risk of 
bleeding than junctional varices (GOV1) 5,9 . Similarly, large fundal varices 
and those with red signs are even more likely to bleed 20 . Therefore, large 
fundal varices should constitute the subset which could be treated prophylac- 
tically. Kim et al. 20 in their prospective study have documented a bleed rate 
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Figure 5. Active bleeding from GV 



of 53% from fundal varices >2 cm in size in a median follow-up of 15.2 
months. According to the available data, rebleed rate after glue injection or 
transjugular intrahepatic portosystemic shunt (TIPS) is < 30% over a sim- 
ilar follow-up period. Therefore, it seems logical to undertake clinical studies 
to assess the utility of treating large fundal varices prophylactically. 



MANAGEMENT OF ACUTE GASTRIC VARICES BLEEDING 

The treatment goals are the same as for oesophageal varices: to control 
acute bleeding and to prevent rebleeding. 

Indications of treatment 

i) Active bleed from GY (Figure 5); 

ii) Stigmata of recent bleed on GV adherent clot or a nipple; 

iii) History of previous bleed and presence of GY as the only source 
of bleed. 

These patients need to be treated according to the type of GY and the 
expertise available. Sometimes, however, it is not possible to determine 
whether a patient with oesophagogastric varices is bleeding from oesopha- 
geal or gastric varices. In such a situation, opinions differ on which varix 
should be injected first, oesophageal or gastric! We recommend to inject the 
GOV2 with glue and then ligate the oesophageal varices at the same session. 



SECONDARY PROPHYLAXIS 

The end-point of treatment in patients who have bled from GY should be 
obliteration of varices as rebleeding rate is significantly higher in those in 
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Table 2. Endoscopic sclerotherapy for gastric varices in active gastric variceal bleeding 10 



Reference 


Agent 


n 


Success 

(%) 


Rebleed 

(%) 


Complications 


Trudeau 1986 33 


STD 


9 


100 


90 


Ulcer 89% 


Gimson 1991 35 


EO/Glue 


41 


40 


16 


Ulcer 29% Perforation 


Oho 1995 36 


EO (5%) 


24 


67 


25 


— 


Chang 1996 37 


STD (1.5%) 


25 


80 


70 


Ulcer 30% 


Chang 1996 37 


GW (50%) 


26 


92 


30 


Ulcer 30% 


Chiu 1997 38 


STD (1.5%) 


27 


66.7 


— 




Sarin 1997 39 


AA (95%) 


18 


67 


34 


Ulcer 100% 


Ogawa 1999 40 


EO (5%) 


21 


81 


100 


— 


Sarin 2002 42 


AA (95%) 


8 


62 


25 


— 



AA, absolute alcohol; EO, ethanolamine oleate; GW, glucose water; STD, sodium tetradecyl 
sulfate. 



whom eradication is achieved than in those in whom varices do not 
disappear 30 . 

Interventional strategies 

The various treatment modalities employed for the management of GV 
bleeding include the following: 

Balloon tamponade 

Two types of balloons are available for the control of active bleeding from 
GV, namely the Sengstaken-Blakemore tube and the Linton-Nachlas tube. 
In the former the gastric balloon is small (volume 200 ml) while in the latter 
the gastric balloon is large (capacity 600 ml), The Linton tube is preferred 
for controlling acute GV bleeding with a success rate of up to 50% 31 . 

Pharmacological agents 

Since the primary pathology in patients with GV is raised pressure and 
splanchnic vasodilation, it is reasonable to presume that vasoactive drugs 
could be as effective in GV bleed as in oesophageal variceal bleeding. There 
are however limited published data on the role of vasoactive drugs in the 
control of acute bleeding from GV. 

Propranolol and nitrates, the main drugs in oesophageal variceal bleeding, 
have not been studied for GV. In a small open label study, p-blockers and 
nitrates were not found to be useful in reducing rebleeding or improving 
survival 32 . 

Gastric variceal sclerotherapy 

Gastric variceal sclerotherapy (GVS) can be performed intravariceally or by 
a combination of intravariceal and paravariceal injections. Much larger 
volumes of sclerosant are required for GVS than oesophageal variceal sclero- 
therapy. This could be associated with more side-effects. Initial control 
of active bleeding has been reported with GVS in 40-100% of cases 
(Table 2) 33 ~ 40 . Two studies have shown equal efficacy of emergency GVS for 
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Table 3. Endoscopic sclerotherapy for gastric varices for prevention of rebleeding 10 



Reference 


Agent 


n 


Obliteration 

(%) 


Rebleeding 

(%) 


Recurrence 

(%) 


Follow-up 
( months ) 


Gimson 1991 35 


EO/Glue 


31 


32.3 


16 








Chang 1996 37 


STD (1.5%) 


25 


32 


70 


25 


52 + 37 


Chang 1996 37 


GW (50%) 


26 


81 


30 


4.8 


57 + 32 


Sarin 1997 39 


AA (95%) 


60 


72 


23 


0 


24 + 23 



AA, absolute alcohol; EO, ethanolamine oleate; GW, glucose water; STD, sodium tetradecyl 
sulfate. 



GOV1 and GOV2 37 39 , while studies by Korula et al. and Gimson et al. 
show higher success rate for GOV1 as compared to GOV2 19,35 . Chiu et al. 
did emergency GVS in 27 patients with isolated GV with a success rate of 
67% and rebleed rate of 18% at 48 hours 38 . GVS is least effective in achieving 
hemostasis in IGV1. 

Using repeated GVS, variceal eradication can be achieved in 17-81%, 
with a bleed rate of 16-70% (Table 3) 35 > 37 ’ 39 ’ 41 . Variceal obliteration is 
achieved in a higher proportion of patients with GOV1 (94%) than in 
patients with GOV2 (70%) and IGV1 (41%). Rebleeding is seen in 5.5%, 
19% and 53% patients respectively, in the three types of GV, respectively 39 . 
The recurrence rate of gastric varices has been variably reported from 0% 
to 25%. 35, 37,39,41 

The major problem with GVS is a high rebleed rate. This rebleeding could 
be due to rapid blood flow in GV, making formation of a thrombus difficult. 
Also the early appearance of ulceration in incompletely obliterated varices 
is another major factor for recurrent bleed which usually occurs after the 
first or second GVS session. Moreover, unlike oesophageal variceal ulcers, 
which are generally mucosal, ulcers following GVS are deep and submucosal. 
Approximately 50% of the post-GVS bleeds are from ulcers 33,37,41 . Chang 
et al. have shown a higher rebleeding rate (70% vs. 30%) with sodium 
tetradecyl sulfate (STD) as compared to 50% glucose water and delayed 
ulcer healing (13 + 5 days vs. 6±2 days) 37 . Once rebleeding occurs, it 
is difficult to control with repeat GV, the success rate being only 
9-44% 33 ’ 37 - 39 . 

If an agent produces less mucosal ulceration and achieves complete and 
rapid obliteration of GV, it will significantly reduce the early rebleed rate fol- 
lowing GVS. Poly-AT-acetyl glucosamine, a polysaccharide polymer 
originating from marine microalgae, has been demonstrated to produce 
rapid and effective hemostasis by stimulating erythrocyte aggregation and 
variceal eradication by inducing an inflammatory reaction in a rabbit 
model 47 . Clinical studies are awaited with this agent. 

Gastric variceal obliteration 

Variceal obliteration refers to obliteration of varix with a solidifying agent, 
such as glue or thrombin. Two tissue adhesive agents, n-butyl- 
2-cyanoacrylate (Histoacryl) and isobutyl-2-cyanoacrylate (Bucrylate) have 
been used 42-50 , although the latter agent has been withdrawn from the 
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Figure 6. Injection of cyanoacrylate glue in a GOV2 

European market because of concerns about carcinogenicity. Native cyano- 
acrylate is a liquid with consistency similar to water and therefore lends 
itself to intravariceal injection. When added to a physiologic medium such 
as blood, the cyanoacrylate rapidly polymerizes, forming a hard substance. 
Thus, after injection into a varix (Figure 6), the cyanoacrylate plugs the 
lumen and results in rapid hemostasis. Several weeks after the injection (2 
weeks to 3 months), the mucosa overlying the injected area sloughs off and 
a glue cast is extruded into the stomach (Figure 7). Since ulceration over 
the varix appears quite late as compared to GVS, it does not hinder repeat 
glue injections and also reduces the risk of ulcer bleeding. Tissue adhesives, 
therefore, come close to the requirements of an ideal sclerosing agent for GV. 

Cyanoacrylate injection has been shown to achieve hemostasis in more 
than 90% of patients with acute GV bleeding, with an early rebleeding rate 
of 0-28% 9,36,40 ’ 42-50 . Glue injection in 1-2 sessions can achieve variceal 
obliteration in 87-100% of patients (Table 4). 44-48 The term obliteration 
more accurately describes the desired immediate endpoint for glue injection 
of GV than eradication since a varix occluded with cyanoacrylate may 
remain endoscopically visible for many weeks. The methods used to assess 
the success of variceal obliteration include palpating the varix with a blunt 
instrument (soft versus hard), radiographic visualization of varices filled 
with lipiodol and cyanoacrylate mixture, and endoscopic ultrasound 50 
(absence of hypoechoic vascular channels in fundus and cardia (Figure 8). 

Though the glue is injected like a sclerosant, its unique adhesive properties 
necessitate some modifications in the technique. It is important to ensure 
the intravariceal position of the needle. To prevent damage to the scope due 
to the adhesive, lipiodol, an oily contrast agent, or silicone oil could be 
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Figure 7. Cast extrusion 3 weeks after glue injection in a gastric varix 



Table 4. Histoacryl injection for treatment of gastric varices 



References 


n 


Hemostasis 

(%) 


Rebleeding 

(%) 


Mortality 

(%) 


Follow-up 
( months ) 


Lee 2000 5 ° 


47 


95.7 


12.8 a /44.7 b 


17 


24 


Kind 2000 9 


174 


97.1 


15.5 


19.5 


36 


Battaglia 2000 58 


32 


96.8 


34.4 


18.7 


45.4 


Huang 2000 49 


90 


93.3 


23.3 


2.2 


13 


Sarin 2002 42 


11 


100 


27 


9 


— 



a < 48 h; b > 48 h. 




Figure 8. Glue injection of gastric varix under endoscopic ultrasound guidance 
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Table 5. Gastric 
bleeding 10 ' 36 - 40 ' 58 


variceal sclerotherapy versus 


glue injection for 


active gastric 


variceal 








Hemostasis Rebleeding 


Ulcer 


Mortality 


Reference 


Agent 


n 


(%) 


(%) 


(%) 


(%) 


Oho 1995 36 


EO 


24 


67 


12.5 


25 


67 




HC 


29 


93 


10 


30 


38 


Ogawa 1999 40 


EO 


21 


81 


35 


— 


23.8 




HC 


17 


100 


0 


— 


0 


Sarin 2002 42 


AA 


9 


44 


33 


. — 


33 




HC 


11 


100 


27 


— 


9 



AA, absolute alcohol; EO, ethanolamine oleate; HC, histoacryl. 



smeared at the tip of the scope and in the working channel. Lipiodol is 
mixed with cyanoacrylate (in a ratio of 0.5 to 0.8 ml, respectively) to prevent 
premature solidification within or at the tip of the catheter during injection 
and to help in radiological evaluation. Unnecessary suction should be 
avoided during the procedure. 

The total amount of histoacryl injection per aliquot should not exceed 
2 ml to decrease the risk of thrombotic complications 51 . Cerebral stroke, 
presumably due to anomalous right to left shunt in two cases 52 , fatal pulmo- 
nary embolization in one patient 53 , bacteremia in a patient with portal vein 
embolization 54 , splenic infarction 55 and formation of retrogastric abscess 56 
have been reported after injection of cyanoacrylate in patients with bleed- 
ing GV. 

These complications caution us about the indiscriminate use of glue in 
all patients with variceal bleeding. However, for patients with GV the benefits 
of glue injection outweigh the potential risks. The concern about the poten- 
tial carcinogenicity of cyanoacrylate observed in rats 57 is probably ill- 
founded. 

Comparison of gastric variceal sclerotherapy and oturation 

Three studies have compared sclerotherapy using ethanolamine oleate (5%) 
or absolute alcohol and cyanoacrylate injection in acute gastric variceal 
bleeding (Table 5) 36 ’ 40 ’ 42 . Ogawa et al. 40 in their retrospective study reported 
a significantly higher hemostasis rate with cyanoacrylate compared with 
ethanolamine oleate (100% vs. 81%). While 6 of 17 (35%) patients rebled 
at 2 weeks in the ethanolamine oleate group, none rebled in the histoacryl 
group. While 5 of 21 (23.8%) patients died in the ethanolamine group, none 
died of bleed in the cyanoacrylate glue group. Oho et al. 36 in their pro- 
spective, nonrandomized study of 53 patients with acute GV bleed, reported 
histoacryl to be significantly more efficacious in achieving hemostasis than 
ethanolamine oleate (93% vs. 67%). Three patients in each group rebled at 
1 month. Three patients in the cyanoacrylate group rebled 6 months after 
treatment from the site of polymer elimination. A randomized controlled 
trial done at our center in 35 patients with isolated GV showed that cyanoac- 
rylate is more effective in achieving initial hemostasis and in achieving faster 
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variceal obliteration. The need for emergency surgical rescue was also much 
less in the glue injected group 42 . The results of these three comparative 
studies indicate that cyanoacrylate is more effective than sclerosants like 
ethanolamine oleate or absolute alcohol. 

Thrombin 

Human and bovine thrombin have been safely used in oesophageal as well 
as gastric variceal sclerotherapy, without any report of distant thrombosis. 
Williams et al. 59 , using bovine thrombin, reconstituted to 1000 u/ml intravar- 
iceally, achieved initial hemostasis and obliteration in all 11 cases with 2 
injection sessions. Rebleeding was observed in only one patient over a 
median follow-up of 9 months. Similar results have been reported in another 
study 60 .The most important advantage of this approach is the absence of 
any mucosal damage and post-sclerotherapy ulceration that is characteristic 
of sclerosants and tissue adhesives. The widespread evaluation of this tech- 
nique is limited by cost and lack of availability of the product, which is yet 
to be approved by the FDA. 

Endoscopic variceal ligation 

Endoscopic variceal band ligation (EVL) is an effective and safe method for 
the management of bleeding oesophageal varices. The development of 
multiband ligating devices has made EYL technically easier even with the 
endoscope retroflexed in the stomach. 

Gastric variceal ligation (GVL) has been evaluated for the treatment of 
bleeding GV in a prospective uncontrolled study by Shiha et al. They were 
able to achieve hemostasis in 89%, with rebleeding in 18.5% of cases 61 . 
Obliteration of GV could be achieved in all patients with a median of 3 
sessions. Ulcers were seen at the ligation site in all the patients one week 
later. In the only RCT, GVL was found to be less effective than glue injection 
in controlling acute GV bleed (45% vs. 87%) with a higher rebleed rate 
(54% vs. 31%) though with comparable efficacy for variceal eradication 
(45% vs. 51%). 

More randomized studies are needed before variceal band ligation can be 
recommended as a safe and effective modality for the treatment of GV. 

Endoscopic snare ligation 

The major concern with GVL is incomplete inclusion of large GV during 
ligation and subsequent bleeding 62,63 . Many workers have therefore used a 
snare for ligation of GV which are more than 1 cm in size. 

Yoshida et al. 64 used a detachable snare with an inner diameter of 4 cm 
to tighten around the varix base, grasping the periphery of varix with a 
forceps through the second channel of the double channel scope. High 
success rates (83-100%) in the control of acute GV bleed and variceal 
eradication with low recurrence rates have been reported by them and other 
workers (Table 6) 65 ~ 68 . While no significant ulcer-related complications were 
seen, gastric perforation was reported in two patients in one study 65 . 

A combination of variceal ligations and sclerotherapy has been evaluated. 
After putting and partially tightening a detachable snare around the varix, 
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Table 6 . Gastric variceal ligation in the management of gastric variceal bleeding 



Reference 


Therapy 


n 


Active bleed 

(%) 


Success 

(%) 


Rebleeding 

(%) 


Obliteration 

(%) 


Yoshida 1994 64 


GVL-S 


10 


10 


100 


10 


100 


Harada 1997 66 


GVL-S 


5 


100 


100 


20 


— 


Cipolletta 1998 67 


GVL-S 


7 


100 


100 


0 


— 


Yoshida 1999 68 


GVL-S and EIS 


35 


23 


100 


3 


97 


Shiha 1999 61 


GVL 


27 


7 


89 


18.5 


100 



GVL, gastric variceal ligation; GVL-S, gastric variceal snare ligation. 




Figure 9. Balloon occluded retrograde transvenous obliteration (BRTO) 

a sclerosant is injected into the GV followed by tightening of the snare 
around the varices. Anecdotal data suggest high success rates 69,71 . 

Balloon-occluded retrograde transvenous obliteration of gastric varices 
(BRTO) 

Gastrorenal shunt is often present between GV and left renal vein in patients 
with fundal varices 4 . A balloon catheter is introduced in the gastrorenal 
shunt via the left renal vein, and the shunt is occluded by inflating the 
balloon and then a sclerosant (usually a mixture of ethanolamine oleate and 
a noniodinated contrast medium) is injected into the gastric varices and left 
to remain for a few hours till injection of the contrast medium shows that 
clots have formed in the varices (Figure 9). BRTO has been reported to 
achieve a high success rate (100%) of GV obliteration and a low recurrence 
rate 72-74 . BRTO is only feasible in patients who have a gastrorenal shunt. 
It has been largely used in primary prophylaxis of GV bleeding 34,75-80 . In 
one study, 100% hemostasis was reported in patients with active GV bleed- 
ing with no rebleeding up to 2 years 78 . The same technique has been used 
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Table 7. Transjugular intrahepatic portosystemic shunt (TIPS) in gastric varices 



Reference 


Patient 

characteristics 


Number 

of 

patients 


Active 

bleed 

(%) 


Hemostasis 

(%) 


Rebleed 

(%) 


Follow-up 
( months) 


Stanley 1997 16 


Unresponsive to 
endoscopic therapy 
in 18 


32 


34.4 


NA 


15.6 


14.2 


Chau 1998 17 


Unresponsive to 
vasoconstrictors 


28 


100 


96.4 


29 


7 


Barange 1999 s3 


Unresponsive to 
vasoconstrictors, 
sclerotherapy, 
tamponade 


32 


62.5 


90 


31 


12 


Rees 2000 18 


Naive patients 


12 


NA 


NA 


16 


17 



to treat chronic portosystemic encephalopathy 69,70,77 . Therefore, it could 
serve as a feasible alternative to TIPS for patients with large gastrorenal 
shunts or hepatic encephalopathy where TIPS is contraindicated. The major 
problem with BRTO however is aggravation of oesophageal varices in up 
to 50% of the patients because of a rise in portal pressure subsequent to 
occlusion of gastrorenal shunt 72-74 . The other reported complications include 
hemoglobinuria, abdominal pain, pleural effusion, abdominal pain and 
shock. 

Recently balloon-occluded endoscopic injection sclerotherapy has been 
reported from Japan. The preliminary results in 20 patients are 
encouraging 81 . 

Transjugular intrahepatic portosystemic shunt (TIPS) 

TIPS is considered to be the current standard therapy for bleeding oesopha- 
gogastric varices unresponsive to endoscopic and pharmacologic treatment, 
especially for GY 51,82 . Placement of TIPS abruptly reduces the outflow 
hepatic resistance, lowers portal pressure, and diverts portal flow from 
gastro-oesophageal collaterals through the stent. TIPS has been shown to 
achieve control of bleeding in more than 90% of patients with actively 
bleeding GV 17,83 . Once the acute bleed is controlled the reported one-year 
survival is up to 58-79 % 83 " 86 . The rebleeding rate is ~ 15-30% within one 
year often due to stenosis or obstruction of the stent (Table 7) 84,85 . TIPS 
dysfunction occurs in ~ 50-60% of patients at 6 months, requiring close 
monitoring and repeated interventions to keep it patent. With the introduc- 
tion of covered stents, this problem is likely to significantly decrease 86 . The 
majority of the studies have shown TIPS to be equally effective in treatment 
of GV and oesophageal varices, but one study has shown a significantly 
higher rebleed in GV as compared to oesophageal varices (53% vs. 11%) 87 . 
However, other workers have reported higher survival rates at 5 years after 
TIPS in patients with GV compared with oesophageal varices (50% vs. 
25 %) 88 . Since most patients with fundal varices have well-developed gastro- 
renal shunts 4 , there is a risk of causing intractable hepatic encephalopathy 
by TIPS. Furthermore, in such patients the HVPG is often low. The efficacy 
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of TIPS in such patients has been questioned 88 . The most common causes 
of death are advanced liver disease, sepsis, and multiorgan failure. 

Surgery 

Several studies have reported good results with surgical intervention in 
Qy89,9o recommended operations include portosystemic shunt, distal 
splenorenal shunt, and oesophageal transection. The role of surgery in the 
treatment of GV has howerver changed with the emergence of new treatment 
modalities, such as glue injection, TIPS and BRTO. 

The application of surgical techniques in the management of GV can be 
divided into: (i) segmental portal hypertension without any liver disease; 
and (ii) generalized portal hypertension. 

Segmental portal hypertension Splenectomy effectively cures most patients 
with left-sided, segmental portal hypertension without liver disease. Madsen 
et al. 91 reviewed the literature and described the course of 72 patients up to 
24 years after splenectomy for segmental portal hypertension. Only two 
patients rebled after splenectomy. Mortality after splenectomy has been 
reported to be around 7% 92 . It needs to be emphasized here that endoscopic 
intervention is not quite effective in these patients. The success rate of both 
GVS and glue injection has been reported to be around 30%. In the Italian 
study, failure to control bleeding resulted in reduced (16.6%) long term 
survival 9 . 

Generalized portal hypertension There is abundant information available 
on the surgical management of gastro-oesophageal varices. Little, however, 
is mentioned specifically about the management of GV. There are no clear 
guidelines available on the selection of patients for a given surgical pro- 
cedure. For patients with generalized portal hypertension and isolated GV, 
a definitive treatment is advisable. Hosking and Johnson 3 advocate variceal 
ligation with gastric devascularization for the control of active bleeding from 
such varices. However, if lesser-curve varices are associated, a shunt pro- 
cedure may be better, according to them. Alternatively, for patients with 
acute gastric variceal bleeding, an emergency shunt can be equally effective. 
According to Wood et al. 93 , the shunt of choice is a large-bore H-graft 
mesocaval or mesorenal shunt. This shunt effectively controls the acute 
bleeding, is relatively simple to perform, does not influence the subsequent 
transplant, and can be ligated after the transplant is completed. For an 
elective procedure, a distal splenorenal shunt is preferred by many surgeons 
because it maintains hepatic portal perfusion and does not require dissection 
of the porta hepatis 94,95 . We at our center have used devascularization in 
patients with active bleed from GV and portosystemic shunt in elective 
setting. No recurrence or rebleed was observed in the shunt group (31 
patients) while 2 of 10 patients who underwent de vascularization developed 
oesophageal varices 96 . Tomikawa et al. 24 have used gastric devascularization 
and splenectomy in 42 patients with isolated GV and showed eradication 
of GV in 100% of patients and no recurrence was reported in a follow-up of 
46 months. Shunt surgery has been recommended as an alternative to TIPS 



294 



GASTRIC VARICES 



for prevention of GV rebleeding or as second-line treatment of refractory 
acute GY bleeding 97 . 

Orthotopic liver transplantation (OLT) The survival rates in transplanted 
patients project OLT as a useful alternative to other modalities of treating 
GV. The differences become more prominent when the survival rates of 
Child’s class C patients who received liver transplant (79% at 1 year and 
71% at 5 years) are compared with those of Child’s C patients who were 
treated with shunts (30-70% 1-year and 15-35% 5-year) 93 . These results of 
OLT bring a ray of hope for the large number of patients with cirrhosis and 
portal hypertension, including those with GV. At present, however, for a 
significant proportion of patients, transplant remains an expensive and 
difficult option. 

LONG-TERM FOLLOW-UP OF GASTRIC VARICES 

While a number of trials have reported the long-term outcome of endoscopic 
management of oesophageal varices, there is scanty long-term follow-up 
data after gastric variceal obliteration 39 . 

The available data indicate that the recurrence rates after obliteration 
with sclerotherapy are much lower in patients with GV compared to oesoph- 
ageal varices. 

APPROACH TO A PATIENT WITH GASTRIC VARICES 
Active bleeding 

A rational approach to control acute bleeding from GV is shown in Figure 10 
It needs to be pointed out that the definitions of success and failure of 
control of bleeding have been specifically developed only for oesophageal 
varices (Baveno) and not for GV 10 . 

When it is not clear whether the active bleeding is from oesophageal or 
GV, we prefer to inject the GV and ligate the oesophageal varices. 

Elective therapy 

Secondary prophylaxis for GV bleeding is essential and is outlined in 
Figure 11. In conclusion, patients with active GV bleed or those who have 
bled in the past from GV are candidates for endoscopic intervention. The 
agent of choice for injection of GV is cyanoacrylate glue since it achieves 
more rapid and effective hemostasis with high obliteration rates. Gastric 
variceal sclerotherapy using absolute alcohol or ethanolamine oleate is an 
effective alternative treatment. With both techniques, more so with sclero- 
therapy, attention needs to be paid to decreasing the frequency of ulcers 
developing following injection, which cause recurrent bleed. The data on the 
efficacy and safety of gastric variceal ligation are preliminary and the tech- 
nique could be recommended if proven in large randomized prospective 
clinical trials. TIPS and surgery remain good options for patients with 
uncontrolled GV bleeding or with IGV1 where the endoscopic therapies 
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Figure 10. Algorithm for the management of acute bleed from gastric varices 




Figure 11. Algorithm for the elective management of gastric varices 

have limited efficacy. Further advances in the management and outcome of 
GY bleeding can come only when the natural history, risk factors for 
bleeding and the mechanism of GV rupture are better defined. Prophylactic 
management of GV is receiving more and more attention. The use of BRTO 
and, in specific situations, glue injection, may decrease the risk of first bleed 
from GV. 
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The patient who cannot receive 
beta-blockers 

THOMAS D. BOYER 



INTRODUCTION 

During the past 15-20 years management of patients with varices and portal 
hypertensive gastropathy has been made much easier by the finding that 
non-selective beta-blockers reduce portal pressure 1 . Subsequent controlled 
trials have shown that non-selective beta-blockers are effective in the primary 
and secondary prevention of variceal bleeding, and they are the standard 
form of treatment for these complications of portal hypertension 2-5 . In 
addition, bleeding from portal hypertensive gastropathy is reduced following 
treatment with beta-blockers 6 . Unfortunately, many patients are intolerant 
of beta-blockers and thus must be treated with alternative therapies. In this 
chapter the alternatives to beta-blocker therapy for the treatment of the 
above conditions are discussed. Controlled trials examining different thera- 
pies in this subgroup of patients would allow for determination of the best 
approach. However, we lack these controlled trials and the conclusions in 
this chapter are based on data extracted from trials in which beta-blockers 
were compared to other therapies. I have assumed that the patient intolerant 
of beta-blockers will respond to alternative therapies in the same manner 
as patients who can tolerate beta-blockers. 

CONTRAINDICATIONS AND SIDE-EFFECTS OF 
BETA-BLOCKERS 

Listed in Table 1 are the most common contraindications to the use of beta- 
blockers in patients with cirrhosis. Problems such as congestive heart failure, 
severe asthma, and heart rates less than 50 beats/min are absolute contraindi- 
cations to the use of beta-blockers. Hypotension, however, is a relative 
contraindication as patients with cirrhosis frequently have a hyperdynamic 
circulation and therefore are hypotensive. Systolic values of <85 mmHg 
have been used by some investigators to exclude patients from receiving 
beta-blockers 7 , but it is unknown whether cirrhotics with lower pressures 
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Table 1. Contraindications to use of beta-blockers 



Heart block grade II 

Severe chronic obstructive pulmonary disease or asthma 

Severe insulin-dependent diabetes 

Aortic stenosis 

Congestive heart failure 

Hypotension 

Sinus bradycardia < 50/min 
Symptomatic peripheral vascular disease 



Table 2. Complications of beta-blocker therapy 



Asthenia 

Impotence 

Bradycardia 

Hypotension 

Asthma 

Shortness of breath 
Congestive heart failure 



would be intolerant of beta-blocker therapy. The number of cirrhotic patients 
with contraindications to the use of beta-blockers varies from study to study. 
In one recent report fully 27% of patients eligible for the study had contrain- 
dications to the use of beta-blockers 7 . Hence, many patients with cirrhosis 
and complications of portal hypertension will not be candidates for treatment 
with beta-blockers. 

In addition to having a contraindication to the use of beta-blockers, many 
will also develop side-effects while on therapy, leading to discontinuation of 
the medication. Some of the more common side-effects are listed in Table 2. 
The most common side-effect appears to be asthenia or generalized weakness. 
In primary prophylaxis studies the frequency of side-effects ranges from 24% 
to 46%, and therapy is discontinued due to intolerance in 4-30% of 
patients 7-12 . When beta-blockers are used to prevent rebleeding the frequency 
of side-effects is 10-21% and therapy is withdrawn secondary to side-effects 
in 0-8% of patients 13-16 . This variability in the number withdrawn from 
therapy due to side-effects in these different studies suggests that there is a 
significant subjective component to the decision to withdraw therapy. 
However, it is clear that many patients who are in need of beta-blocker 
therapy cannot receive beta-blockers and thus require an alternative form 
of therapy. 

PRIMARY PREVENTION 

One of the major uses of beta-blockers is in the primary prevention of 
variceal bleeding. Multiple controlled trials have been performed in which 
beta-blockers are compared to placebo and other forms of therapy in the 
prevention of bleeding from varices 2,3 . Beta-blocker therapy is clearly better 
than placebo and is cost-effective 17,18 . If the patient cannot take beta-block- 
ers then is there an alternative form of pharmacologic therapy? One alterna- 
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Table 3. Agents that may be effective in preventing 
variceal bleeding 



Clonidine 

Diuretics 

Verapamil pentoxifylline 
Metoclopramide 
Endothelin receptor antagonists 
NO-URSO 



tive is isosorbide-5-mononitrate (ISMN), which lowers portal pressure in 
cirrhotics. Unfortunately, ISMN does not appear to be very effective for 
primary prophylaxis. In one trial in which ISMN was compared to proprano- 
lol, the percentage of patients free of bleeding at 24 months was 82% with 
ISMN and 86% with propranolol 19 . However, in a second study ISMN was 
significantly less effective (61% free of bleeding at 24 months) than was 
treatment with nadolol (87% free of bleeding at 24 months) 11 . The efficacy 
of ISMN in primary prevention of bleeding in patients who cannot receive 
beta-blockers has been examined in a placebo-controlled trial. Garcia-Pagan 
and colleagues randomized 67 patients who had contraindications to the 
use of beta-blockers to either ISMN or placebo 20 . The 2-year risk of bleeding 
was 29% in the ISMN group and 14% in the placebo group (difference 
n.s.). Based on the results of these three studies it appears that ISMN is an 
ineffective form of therapy for the primary prophylaxis of patients with 
varices. A number of other drugs have been suggested as possible therapies 
for the prevention of bleeding from varices (Table 3); however, none has 
been proven to be effective as a single agent in controlled trials, and their 
use cannot be recommended. 

Variceal band ligation (VBL) is another form of therapy that is used in 
the primary prevention of variceal bleeding. Although endoscopic sclerosis 
of varices has also been used in primary prevention of bleeding, its use is 
not recommended because of concerns as to efficacy and better outcomes 
using VBL 2,3,21 . In a meta-analysis VBL appears to be at least equal to, if 
not better than, beta-blocker therapy in the primary prevention of variceal 
bleeding 22 . In a more recent study 12 VBL was compared to monotherapy 
with propranolol or ISMN. The 2-year actuarial risk of bleeding was greatest 
with ISMN (28%), less with propranolol (19%) and least with VBL (6%). 
Treatment with ISMN was significantly less effective than VBL in the 
prevention of bleeding in this report. In addition, the side-effect profile of 
VBL was significantly better than either form of pharmacologic therapy. 
VBL therefore appears to be an excellent form of therapy for patients with 
varices who have never bled, and who are intolerant of beta-blockers. 

SECONDARY PREVENTION 

Once patients have bled from varices more than 70% of patients will suffer 
an episode of rebleeding within 2 years; thus treatment is essential 23 . A 
number of different treatments, including beta-blockers, are used in the 
prevention of rebleeding, and it is beyond the scope of this chapter to review 
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all of those studies 2,3,23 . The best pharmacologic therapy is thought to be 
the combination of a beta-blocker plus ISMN 24 . At least three published 
studies have compared combination pharmacologic therapy to VBL 24 . The 
rebleeding rate in those receiving a beta-blocker plus ISMN ranged from 
33% to 57%, whereas with YBL the rebleeding rates ranged from 38% to 
53%. Thus, VBL was as good as combination pharmacologic therapy in the 
prevention of rebleeding. Alternatives such as sclerotherapy or transjugular 
intrahepatic portosystemic shunts (TIPS) are not recommended because of 
a lack of efficacy relative to VBL, i.e. sclerotherapy, or because of increased 
costs and risk of encephalopathy, i.e. TIPS 21,25 . 

PORTAL HYPERTENSIVE GASTROPATHY (PHG) 

The other complication of portal hypertension for which beta-blockers are 
prescribed is PHG. PHG is a common finding in patients with cirrhosis, 
with a reported incidence of 65-90%. Most patients have mild gastropathy 
whereas 10-25% have severe gastropathy. Bleeding is uncommon, with 
2.5% suffering acute bleeding and 10% having chronic blood loss 26,27 . A 
small number of studies suggest that beta-blockers reduce the bleeding in 
patients with portal hypertensive gastropathy. Alternatives to beta-blockers 
include portacaval shunts, TIPS and liver transplantation. For the acutely 
bleeding patient somatostatin and octreotide appear effective but, other than 
beta-blockers, there is no medical therapy for the patient with chronic 
bleeding 26 . 

TREATMENT OF PATIENTS WHO ARE INTOLERANT OF 
BETA-BLOCKERS 

Before discussing alternatives to beta-blocker therapy it is important to 
decide which patients should be treated if beta-blockers cannot be used 
(Table 4). Beta-blockers have been used to prevent the development of new 
varices and to stop the growth of small varices. Although use of beta- 
blockers for these two indications is controversial, some have suggested that 
all cirrhotic patients should be treated with beta-blockers 18 . Recent work, 
however, suggests that patients with no or small varices have a low likelihood 
of bleeding. Merli and colleagues reported on 206 cirrhotics, 113 without 
varices and 93 with small varices, who were followed for a mean of 37 
months 28 . After 2 years of follow-up, 17% of patients developed new varices, 
but in only 2.6% were high-risk varices seen, and only 2% of the patients 
bled. In contrast, after 2 years 25% of patients with small varices progressed 
to large varices, but still the risk of bleeding was only 12%. Thus, if patients 
with cirrhosis have no or small varices at the index endoscopy they have a 
low risk of bleeding during the next 2 years and the use of alternative forms 
of treatment is not warranted. 

In contrast, patients with large varices are at the greatest risk of bleeding, 
and if intolerant of beta-blockers should receive another form of therapy. 
As there are no pharmacologic agents that have proven effective in primary 
prevention, VBL is the treatment of choice. If bleeding occurs following 
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Table 4. Treatment of patient intolerant of beta- 
blockers 



Indication 


Recommendation 


Primary prevention 


No or small varices 


Observe 


High risk varices 


VBL 
Failure = 
shunt/TIPS 


Secondary prevention 


VBL 
Failure = 
shunt/TIPS 


Gastropathy 


Present no bleeding 


Observe 


Moderate bleeding 


Observe 


Severe bleeding 


TIPS/OLTx 



OLTx, orthotopic liver transplant; TIPS, transjugular 
intrahepatic portosystemic shunt; VBL, variceal 
band ligation. 



VBL then either a TIPS or surgical shunt should be performed, depending 
on the patient’s liver function. A similar approach should be taken with 
secondary prevention of bleeding. VBL is an effective form of therapy for 
this group of patients and should be used in those who are intolerant of 
beta-blockers. Bleeding not responding to VBL should lead to a surgical 
shunt or a TIPS. 

Portal hypertensive gastropathy has a relatively benign prognosis with 
the risk of bleeding either acutely or chronically being less than 15% over 
an 18-month period 27 . Thus, portal hypertensive gastropathy irrespective of 
its appearance should not be treated in the absence of bleeding. When 
bleeding develops the only two options in the beta-blocker-intolerant patient 
are a transplant or a TIPS. If the bleeding is mild to moderate then observa- 
tion would be the most appropriate course. If the bleeding is more significant 
then a liver transplant, if possible, is the treatment of choice as these patients 
are more likely to have advanced liver disease. TIPS can be used as a bridge 
to transplant. 

CONCLUSIONS 

At least 25% of cirrhotics who are candidates for use of beta-blockers to 
treat the complications of portal hypertension cannot receive beta-blockers 
because of intolerance to these drugs. This large group of patients has not 
been the subject of controlled trials with one exception 20 ; therefore the 
management of these patients is based on extrapolations from other studies. 
Currently the only options for these patients are limited to VBL, TIPS/shunts 
or liver transplantation. We clearly need other forms of pharmacologic 
therapy to better manage patients who cannot receive beta-blockers. As we 
develop new therapies for the treatment of the complications of portal 
hypertension, patients intolerant of beta-blockers are an ideal group to 
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study. From the results of these future studies we will be able to better 
manage this interesting and large group of patients. 
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Fact: An assertion, statement, or information containing or purporting 
to contain something having objective reality 

Webster's Third New International Dictionary 



INTRODUCTION 

Many of the clinical complications of cirrhosis are the direct consequences 
of the elevation of portal venous pressure (PYP). Portal hypertension is 
defined as a PVP of greater than the normal 5-10 mmHg. The degree of 
portal hypertension has been shown to correlate with the severity of liver 
disease, both functionally 1 and histologically 2,3 . However, direct portal 
venous measurement is invasive and cannot be routinely performed. As a 
surrogate, hepatic venous pressure gradient (HVPG) has been widely 
accepted as a measurement for PVP. The ease and safety of HVPG measure- 
ment has made it a valuable tool not only in the research arena, but also 
more and more in clinical practice. 



PVP MEASUREMENT 

PVP was first measured in 1896 by Hallion and Francois-Frank, who 
inserted a cannula into the mesenteric vein of a dog and read the result 
from a water manometer 4 . The first determination of PVP in humans was 
performed in 1937 by Thompson et al. 5 , who recorded PVP by means of a 
water manometer in a branch of the portal system during abdominal surgery. 
Normally, portal pressure ranges from 7 to 12 mmHg. 
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Figure 1. Measurement of HVPG with the balloon occlusion method. The catheter in the 
wedged position (balloon inflated) measures the sinusoidal pressure of a large area of the liver. 
(Modified from Groszmann et al. Gastroenterology, 1979, with permission) 



Indirect measurement of PVP was first described in 1951 by Myers and 
Taylor 6 . By advancing a small catheter into a hepatic venule until it could 
go no further, they were able to demonstrate that this wedged hepatic venous 
pressure (WHVP) was closely correlated with the directly measured PVP. 
The difference between the WHVP and the free hepatic venous pressure 
(FHVP) constitutes the HVPG, that represents the gradient between portal 
vein and intra-abdominal vena cava pressure. Both the WHVP and FHVP 
are affected equally by intra-abdominal pressure; their gradient, HVPG, is 
not. Therefore, the measurement of HVPG incorporates its own zero refer- 
ence point and is not affected by increases in intra-abdominal pressure. Thus 
an important source of error, such as an external zero reference point, is 
eliminated by the use of the HVPG 7 . Normally the HVPG ranges from 1 
to 5 mmHg; pressure values above this limit define the presence of portal 
hypertension. 

Currently, the most widely used technique in evaluating HVPG is a 
modification of Myer’s method 8 . A fluid-filled balloon catheter is introduced 
into the jugular or the femoral vein and advanced under fluoroscopic guid- 
ance into a hepatic vein. FHVP is the pressure measured with the balloon 
deflated and the catheter floating freely within the vein. The balloon is then 
inflated until that branch of hepatic vein is completely occluded. In this 
situation the static column of blood formed by the occluding balloon results 
in a pressure reading that is slightly lower than the actual portal pressure 
(sinusoidal pressure) (Figure 1). The advantage of the balloon catheter is 
that serial measurements of FHVP and WHVP can be obtained with ease 
using the same catheter, inflated and deflated as needed. In addition, the 
catheter can be safely left in place for hours; hence the effects of pharmaco- 
logic agents on portal hemodynamics can be studied over time. Furthermore, 
unlike the conventional catheter where the WHVP is measured in a small 
hepatic venule, the balloon catheter allows measurement in the hepatic veins 
at lobar and sublobar levels; therefore, the pressure obtained averages the 
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pressure of several segments of the liver and is more likely to represent the 
true PVP 7 . The rate of successful hepatic vein catheterization is greater than 
95%, and the procedure has been shown to be extremely safe 9 . Moreover, 
if necessary, it can be performed under conscious sedation without effects 
on hepatic pressures 10 . 



CLINICAL APPLICATIONS OF PORTAL HEMODYNAMICS 
ASSESSMENT 

HYPG measurement has found many applications in clinical practice, as 
well as in the research field. HVPG is a valuable tool in diagnosing the 
etiologies of liver disease, in determining the prognosis and in evaluating 
the efficacy of various treatments of portal hypertension. It has also been 
advocated as a predictor of the outcome of hepatic resection for hepatocellu- 
lar carcinoma. 

HVPG as a diagnostic tool 

A normal liver is a low-resistance system and the sinusoidal network dissi- 
pates some of the pressure of the occluded catheter. In this situation the 
static column of blood formed by the occluding balloon results in a pressure 
reading that is slightly lower than actual portal pressure (sinusoidal pressure). 
Portal hypertension develops when there is an increase in resistance to 
portal venous flow. The sites of increased resistance can be prehepatic, intra- 
hepatic or posthepatic. Portal hypertension from intra-hepatic causes can 
be conceptually subdivided into presinusoidal, sinusoidal and postsinusoidal 
portal hypertension 11 ; nevertheless, it is worth noting that a disease process 
can involve more than one anatomic site. 

Keeping this classification in mind, patterns of PYP, WHYP and FHVP 
can be used to delineate the types of portal hypertension, as well as its 
possible etiologies (Figure 2). For instance, in patients who have a clinical 
syndrome of portal hypertension, but have normal WHVP, a presinusoidal 
(whether intrahepatic or extrahepatic) cause of portal hypertension should 
be suspected. In these cases the catheter is not in continuity with the area 
of increased resistance; therefore the recorded pressure will be that of the 
normal sinusoids (with normal intersinusoidal anastomosis) and not of the 
area of increased pressure. HYPG will thus underestimate the PVP gradient 
(PVPG = PYP — FHYP). In primary biliary cirrhosis, and in chronic active 
hepatitis, a predominantly presinusoidal portal hypertension picture is 
observed initially because the early lesion is located mainly in the portal 
area 12 . In the advanced stages the fibrosis involves most areas of the lobule; 
and the pattern of portal hypertension eventually becomes mixed sinusoidal. 
In alcoholic cirrhosis, and in most cases of hepatitis B- and C-induced 
cirrhosis, connections between sinusoids are decreased because of narrowing 
of the sinusoidal vascular bed (collagen deposition in the space of Disse, 
compression by regenerative nodules, microthrombosis, etc.). In these cases 
HYPG is virtually equal to PVPG because there is little dissipation of 
pressure in the occluded sinusoids 12-17 . Finally, a posthepatic cause such as 



311 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 




Figure 2. Pressure patterns according to the location of the obstruction to portal vein flow. 
When the obstruction is located at the splenic vein (1A) or extrahepatic portal vein (IB) only 
splenic pulp pressure (SPP) is increased, with normal intrahepatic portal pressure (IPP) and 
wedged hepatic venous pressure (WHYP). When the obstruction is located at the intrahepatic 
portal vein (2), both SPP and IPP are increased, with normal WHVP. When all SPP, IPP 
and WHVP are found increased, obstruction can be located at the liver sinusoids (3), at the 
hepatic veins (4) or can be of cardiac origin (5). Differential diagnosis between these three 
cases is generally straightforward, by measuring right atrial pressure (which would be increased 
in cardiac conditions and normal in sinusoidal and hepatic vein obstruction), and by the 
injection of a contrast agent in the hepatic veins, which readily discloses hepatic vein obstruction. 
SV: splenic vein. SMV: superior mesenteric vein. PV: portal vein. HY: hepatic vein. S: liver 
sinusoids. HA: hepatic artery. (Modified from Groszmann RJ and Atterbury C. Semin Liver 
Dis. 1982, with permission) 

right heart failure will give rise to elevation in both WHVP and FHVP 
while HVPG remains normal. 

HVPG as a clinical prognostic parameter 

HVPG has also been used to assess prognosis of cirrhotic patients, and has 
been shown to correlate with severity of liver disease and Child-Pugh 
classification 1-3 , a tool used to predict survival in patients with end-stage 
liver disease 18 . 

HVPG as a predictor of survival 

The relationship between HVPG and survival has been assessed in several 
studies. Many of these trials showed that HVPG measurement is valuable 



312 




HEPATIC VENOUS PRESSURE GRADIENT: THE FACTS 



in predicting survival in cirrhotic patients 19-30 . Two of these studies 22,25 
found that, by adding the HVPG to the Child-Pugh score, survival predic- 
tion improved significantly better than analysis considering Child-Pugh 
classification alone. 

However, another study failed to demonstrate a relationship between 
HVPG and survival. In this study the prognostic significance of HVPG was 
compared to that of the aminopyrine breath test, and it was found that, 
while the higher-level aminopyrine correlated significantly with survival, the 
HVPG did not. Urbain et al. 31 did not specify a history of previous variceal 
hemorrhage and, if so, when such hemorrhage occurred in the test subjects. 
Since HVPG has been shown to decrease spontaneously shortly after the 
acute bleeding episodes 32 , such lack of information makes interpretation of 
the studies difficult. 

In the studies by Groszmann et al. 24 and Vorobioff et al. 26 , a decrease in 
HVPG to < 12 mmHg or > 15% respectively, was associated with signifi- 
cantly longer survival. 

In a more recent multicenter trial Groszmann et al. 33 performed sequential 
measurements of HVPG in 213 cirrhotic patients without esophageal varices, 
followed during a median time of 4.2 years. An HVPG >10 mmHg at 
baseline and at year 1 after inclusion in the study was highly predictive 
of death. 

In 73 cirrhotic patients pharmacologically treated for the prevention of 
variceal rebleeding and having two separate HVPG measurements, Abraldes 
et al. 30 reported that the 8-year cumulative probability of survival was 
significantly higher in responders (i.e. patients whose HVPG decreased 
>20% or to < 12 mmHg) than in non-responders (95% vs 52%, respec- 
tively; p < 0.003). 

Regarding the timing of HVPG measurement in patients who develop 
variceal hemorrhage, some authors have suggested that HVPG obtained 
close to the bleeding episode may have a higher predictive value with regard 
to survival. Vinel et al. 21 measured HVPG within 48 h of the bleeding 
episode, and showed that patients who survived after the first month had 
significantly lower HVPG than patients who expired (19.1 + 7.9 mmHg vs 
23.9 ± 8.0 mmHg; respectively; p < 0.025). Patch et al. 28 observed that a 
single HVPG measurement, performed within the first 2 weeks from bleeding, 
was an independent predictor of survival. In the same study a HVPG 
>16 mmHg appeared to identify patients with a greatly increased risk of 
dying. Finally Moitinho et al. 29 measured the HVPG in 65 cirrhotic patients 
within 48 h after admission for acute variceal bleeding. The only variable 
associated with outcome was the HVPG, which was higher in patients with 
poor evolution (23.7 + 6.1 vs 19.2 ± 3.3 mmHg; p < 0.0004). An initial HVPG 
> 20 mmHg was associated with a worse actuarial probability of survival 
(1-year mortality, 64% vs 20%, p < 0.002). 

HVPG as a predictor of variceal hemorrhage 

While it is widely accepted that HVPG is a good prognostic indicator of 
survival, it is less clear whether HVPG is a good predictor of variceal 
hemorrhage. Several studies have been published on this subject with con- 



313 



PORTAL HYPERTENSION IN THE 21 ST CENTURY 



dieting results. The early studies were retrospective and included HVPG 
measurements at varying time points after the index bleeding episodes 34-37 . 
Since HVPG has been shown to change spontaneously after an acute hemor- 
rhage 32 , it is important to establish a standardized time frame in portal 
hemodynamic evaluation. Nevertheless, an HVPG of 12mmHg was shown 
by several authors to be a minimal threshold below which variceal rupture 
is unlikely 34-36 . 

Among prospective studies involving patients who never bled, or had no 
recent bleeding, there are conflicting results with regard to the relationship 
between risks of variceal bleeding and HVPG. In four studies, using Cox 
regression analysis, HVPG was shown to be an independent predictor of 
variceal bleeding 22,25,38,39 . On the other hand, Lebrec et al. 40 failed to show 
a significant correlation. 

In the above-cited trial by Groszmann et al. 33 , a HVPG > 10 mmHg at 
baseline and at year 1 after inclusion in the study was also predictive of the 
development of varices and variceal hemorrhage. 

In studies examining the relationship between HVPG and recurrent vari- 
ceal hemorrhage after a recent bleeding episode, again the results are con- 
flicting. Adamson et al 41 first suggested that the height of HVPG influenced 
whether the acute hemorrhage would or would not resolve with non-opera- 
tive treatment. This correlation was later confirmed by Ready et al. 42 , who 
further suggested that HVPG >16 mmHg was associated with 50% of 
uncontrolled bleeding. Nevertheless, two other studies by Westaby et al. 43 
and Patch et al 28 failed to find a significant correlation between HVPG and 
the risk of recurrent hemorrhage. Two recent studies have added valuable 
information in this area. In one of them Moitinho et al. 29 , by performing 
early measurement of HVPG, observed that patients with an initial HVPG 
> 20 mmHg had a poor evolution, in terms of failure to control bleeding 
(23% vs 0%; p < 0.004) and early rebleeding (50% vs 12%; p < 0.003) when 
compared with patients whose HVPG was < 20 mmHg. In the other study, 
Villanueva et al. 44 continuously monitored portal pressure in 40 patients 
with acute variceal bleeding, receiving somatostatin or placebo. HVPG 
decreased significantly only in patients without further bleeding. One of 27 
patients with HVPG < 20 mmHg at baseline or decreased >10% rebled vs 
9 of 13 who had neither of these two criteria (p < 0.0001); therefore, monitor- 
ing HVPG may stratify further bleeding risk and discriminate treatment 
response. 

Changes in HVPG from baseline, during serial measurements, may repre- 
sent a more accurate predictor of bleeding than a single measurement. In 
1996 Vorobioff et al. 26 reported that the risk of first variceal bleeding was 
significantly reduced in alcoholic cirrhotic patients whose HVPG showed a 
spontaneous decrease of at least 15%, in a median time of 10 months. 

HVPG as a predictor of other clinical events 

In 1958 Leevy et al. 45 performed serial measurements of WHVP in 50 
alcoholic cirrhotic patients, at baseline and within 3-6 months after medical 
management. A decrease in WHVP, accompanied by an improvement in 
clinical and biochemical findings, was observed in 12 of these patients. On 
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the other hand, WHVP increased in patients whose clinical condition was 
impaired. Serial measurements of HVPG were also performed by Reynolds 
et al. 46 in 18 alcoholic cirrhotic patients showing evidence of clinical improve- 
ment during follow-up. Nine of these patients showed a significant fall in 
the HVPG while only minor changes were observed in the other nine. 
Interestingly, mean baseline value in the nine patients decreasing their 
HVPG (16.3 mmHg) was substantially lower than that observed in the other 
nine patients (20.2 mmHg). Beyond recent and more sophisticated diagnostic 
and therapeutic advances, Leevy and Reynolds then added a new prognostic 
parameter to alcoholic liver disease, whether at its cirrhotic stage or within 
the context of acute alcoholic hepatitis, as many of their patients certainly 
had. 

More recently, similar observations were reported by Groszmann et al. 24 
(almost 80% of alcoholic cirrhotic patients) and Vorobioff et al. 26 (100% 
alcoholics). In both of these studies the HVPG seemed to be related to the 
improvement or worsening of liver disease. An improvement in the Child- 
Pugh score accompanied decreases in HVPG of > 10% and > 15%; respec- 
tively. In the the study by Vorobioff et al. 26 changes in HVPG and variations 
in the Pugh score were significantly correlated. The mean HVPG varia- 
tion between abstainers and non-abstainers also differed significantly 
(— 15.9% ± 3.5% vs 18.4% + 5.7%, respectively; p < 0.01). Finally, patients 
decreasing their HVPG to values below the bleeding threshold 
(< 12 mmHg) 24 or > 15% 26 showed significantly larger reductions in vari- 
ceal size. 

In 73 cirrhotic patients having two separate HPVG measurements for the 
evaluation of pharmacologic therapy, during an 8-year follow-up study, 
Abraldes et al. 30 observed that non-responders (those decreasing their HVPG 
< 20% or not reaching > 12 mmHg) had a significantly higher risk of 
developing ascites ( p < 0.025), spontaneous bacterial peritonitis (p < 0.003), 
hepatorenal syndrome (p< 0.026) and hepatic encephalopathy (p< 0.024) 
(Figure 3); therefore, in cirrhotic patients receiving pharmacologic treatment, 
a decrease in HVPG > 20% or to <12 mmHg is associated with a marked 
reduction in the long-term risk of developing complications of portal 
hypertension. 

Among the 213 well-compensated cirrhotic patients studied by Groszmann 
et al. 33 an HVPG >10 mmHg at baseline and at year 1 after inclusion in 
the study was highly predictive of the development of ascites and encephalo- 
pathy (p< 0.0001). Thus an HVPG > 10 mmHg is a powerful prognostic 
predictor of the development of complications of portal hypertension. 
According to this study the presence of “clinically significant portal hyperten- 
sion”, manometrically defined, given that no patient had esophageal varices 
at entry into the study, seems by itself to be a prognostic indicator in 
cirrhotic patients. Of note, during the Baveno III conference, experts in the 
field reached a consensus defining “clinically significant portal hypertension” 
as an increase in HVPG to a threshold above approximately 10 mmHg 47 . 

HVPG as an assessment of efficacy of therapy 

The two most devastating consequences of portal hypertension are ascites 
and esophageal varices, both of which can lead to lethal complications 
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Figure 3. In patients under pharmacologic treatment for portal hypertension for the prevention 
of variceal rebleeding, a good hemodynamic response (a decrease in HVPG of more than 20% 
from baseline or to less than 12 mmHg) is associated with a significantly lower risk of ascites 
(panel A) and spontaneous bacterial peritonitis (panel B) (From Abraldes et al. 30 , with 
permission) 
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including spontaneous bacterial peritonitis, hepatorenal syndrome and vari- 
ceal hemorrhage. The main objective of therapeutic trials for portal hyperten- 
sion should therefore aim at preventing these complications. Studies have 
shown that there appear to be threshold HVPG necessary for the forma- 
tion of ascites and gastroesophageal varices which are 8 mmHg 48,49 and 
10-12 mmHg 50 , respectively. Furthermore, there also appears to be a thresh- 
old HYPG for variceal rupture, since it has been shown that variceal 
hemorrhage is unlikely if HVPG is less than 12 mmHg 24 . It was suggested 
that, during pharmacologic treatment, a decrease in the HVPG to 
<12 mmHg is the single most useful prognostic indicator, and that a reduc- 
tion in portal pressure to that level should be the aim of the pharmacologic 
therapy of portal hypertension 24 . 

Feu et al. 51 have subsequently reported that even a 20% reduction in 
HVPG from baseline can result in a significant protection against recurrent 
variceal hemorrhage even though the post-treatment HVPG is still higher 
than 12 mmHg. In this study the cumulative probability of rebleeding at 1, 
2 and 3 years was 4%, 9% and 9% in patients who achieved a decrease in 
HVPG of > 20%. In other patients, however, the probability of recurrent 
hemorrhage was 28%, 39% and 66% at 1, 2 and 3 years respectively. In a 
subsequent study McCormick et al. 52 failed to observe such a correlation. 

Villanueva et al. 53 compared endoscopic and pharmacologic treatment 
for the prevention of variceal rebleeding. By serial measurements of HVPG 
they observed that the probability of remaining free of rebleeding and the 
probability of survival were both shown to be significantly greater in patients 
in whom the HVPG, measured 1-3 months after initiating therapy, was 
reduced > 20% or to < 12 mmHg. Interestingly, this applied to both thera- 
pies (endoscopic variceal banding and combination drug therapy), indicating 
that the important factor is the reduction in HVPG, whether this is achieved 
pharmacologically or spontaneously by an improvement in liver disease. 
This study confirms the earlier findings of Groszmann et al. 24 . 

A good hemodynamic response, as assessed by HVPG monitoring 1-3 
months after starting treatment, was observed in 30 of 49 cirrhotic patients 
treated for the prophylaxis of first variceal bleeding and followed for up to 
5 years. Among these, none of the 12 in whom HVPG decreased to 
<12 mmHg bled. The probability of bleeding was higher in poor responders 
(41%) than in good responders (7%) ( p < 0.0008). Merkel et al. 54 conclude 
that the assessment of hemodynamic response to drugs in terms of HVPG 
is the best predictor of efficacy in the pharmacologic treatment. 

The results of adapting medical therapy to the monitoring of hemody- 
namic response in 34 cirrhotic patients for the prevention of first variceal 
bleeding or rebleeding were recently published. After being followed for a 
mean of 28 months and whether being treated with propranolol alone or 
with propranolol + I-5MN, none of the eight patients in whom HVPG 
decreased <12 mmHg and only two of 12 whose HVPG decreased > 20% 
bled. Meanwhile, nine of 14 non-responders bled during the observation 
period. Bureau et al. 55 reinforce previous assertions regarding clinical-hemo- 
dynamic correlations and also demonstrate the benefit of sequential HVPG 
measurements for adapting treatment according to the patient’s response. 
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On the other hand Patch et al. 56 performed serial HVPG measurements, 
the second measurement being performed 3 months after the baseline study, 
in 26 patients on pharmacologic therapy for the prevention of recurrent 
variceal hemorrhage. The authors were unable to show a downward trend 
in HYPG in survivors and in patients not rebleeding. However, none of the 
five patients decreasing their HVPG to < 12 mmHg rebled. These findings 
are consistent with a previous study from the same group of investigators 52 . 

Given that most rebleeding events occur during the first month after the 
index bleed, and in an attempt to minimize differences among studies, the 
second HVPG measurement should be performed no later than 2 or 3 weeks 
after stabilization of the patient. In order to maximize the portal pressure- 
reducing effect in these high-risk patients, dosing of pharmacologic therapy 
should be achieved within 2-3 weeks after the index bleed 57 . 

Beyond its usefulness for monitoring pharmacologic treatment of portal 
hypertension, serial HVPG measurements could be of additional benefit in 
the assessment of the progression of chronic liver diseases 58 . 

HVPG as a tool for preoperative assessment in cirrhotic patients 

It is generally accepted that cirrhotic patients carry a much higher operative 
risk than non-cirrhotic patients, and elective surgery should be avoided. For 
intra-abdominal surgery the mortality rates were found to range from 5% 
to 67% and the morbidity rate 7% to 39%. Traditionally, operative risks 
are stratified using the Child-Pugh classification score 59 . More recently it 
has been shown that the HVPG is associated with surgical outcome after 
hepatic resection for early hepatocellular carcinoma (HCC) 60 . 

Bruix et al. first reported in 1996 that, by multivariate analysis, an ele- 
vated HVPG was the only parameter significantly associated with unre- 
solved decompensation at 3 months after hepatic resection for HCC 60 . 
Subsequently, using an intention-to-treat model, the same group of investiga- 
tors demonstrated that clinically significant portal hypertension, as well as 
serum bilirubin, were independent predictors of survival after hepatic resec- 
tion 61 . In this study the patients were selected to undergo hepatic resection 
(as opposed to liver transplantation) if a single tumor of less than 5 cm was 
present and if the patient’s Child-Pugh score was less than 6 (Child class 
A). Among these patients the 5-year survival probability was drastically 
better in patients whose bilirubin was less than 1 mg/dl and HVPG less 
than 10 mmHg (74% vs 25%). The survival rate after resection for a “good” 
candidate is comparable to the survival outcome of patients undergoing 
liver transplantation for early HCC 62 " 64 . 



SUMMARY 

“Despite its unquestionable value in the differential diagnosis of portal 
hypertension and as predictor of long-term outcome in patients with chronic 
liver diseases, the popularity of this technique has never gone beyond the 
realm of research” 65 . This sentence, written by one of us 8 years ago, was a 
pessimistic and an almost resigned view of what, by then, were HVPG 
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measurement frontiers. Have we accomplished enough information and more 
objective experience in order to expand these frontiers? 

The advent of the balloon catheter technique allows us to perform safe, 
convenient and accurate measurements of HVPG. Moreover, practice guide- 
lines are now available in order to give HVPG measurement more reliabil- 
ity 7 . Evaluation of portal hemodynamics not only provides information in 
diagnosing the etiologies of portal hypertension, it is also essential in evaluat- 
ing the efficacy of various treatments for this devastating syndrome. 
Furthermore, HVPG has also been shown to correlate with survival in 
patients with end-stage liver disease. HVPG can be considered a reliable 
predictor of variceal hemorrhage, even by being monitored during the bleed- 
ing episode or serially measured during prophylactic and/or preventive 
pharmacologic therapy. Moreover, other frequent and serious clinical events 
in portal hypertensive cirrhotic patients can be reasonably predicted accord- 
ing to HVPG changes. Recently, HVPG has assumed an importance in 
preoperative assessment in cirrhosis, even though this prognostic value was 
derived from a specific situation, hepatic resection in early HCC. In sum- 
mary, HVPG measurement, and its clinical applicability, have reached a 
point of experience and maturity, developed from a significant number of 
clinical trials and allied to deep self-criticisms, even by some of their more 
enthusiastic supporters 7,66,67 . 

So, without doubt, HVPG is a valuable tool in the clinical management 
of cirrhotic patients; therefore should we be more optimistic and expect a 
wider application and applicability of HVPG measurements? It appears so, 
as there is mounting evidence that HVPG may be a better prognostic marker 
than other currently available parameters. These data make both the tech- 
nique and its results reliable enough for no longer considering it as something 
to be performed exclusively on research grounds. The available information 
indeed contains something having objective reality; and those are facts. 
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INTRODUCTION 

Portal hypertension develops during the natural history of cirrhosis, and is 
responsible for its complications: the development of gastroesophageal vari- 
ces and bleeding, ascites, hepatorenal syndrome and hepatic encephalopathy. 
The advent of these complications worsens prognosis as they are a major 
cause of death and their presence signals the need for liver transplantation 
in appropriate candidates. For many years the degree of portal hypertension 
has been recognized as an independent factor for survival in patients with 
cirrhosis 1 . Conversely, improvement of liver function in abstinent subjects 
with cirrhosis has been associated with a reduction in portal pressure 2 . 
Recently, reduction in portal pressure has been shown to result in a reduction 
of the complications of cirrhosis together with improved survival, although 
it is unclear if this was linked to an improvement in liver function 3,4 . 
Measurement of the hepatic venous pressure gradient (HVPG) is a widely 
used indirect method of assessing the portal pressure gradient, with wedge 
hepatic venous pressure reflecting values of portal pressure in cirrhosis with 
a predominantly sinusoidal site of resistance 5-7 . 

Clinically significant portal hypertension is defined 8 by a portal pressure 
gradient above about 12 mmHg, as the development of ascites and variceal 
bleeding usually occur above this threshold. Monitoring of HYPG has been 
increasingly used to assess target reductions of portal pressure during second- 
ary and primary pharmacologic prophylaxis of variceal bleeding. A decrease 
of HVPG of > 20% from baseline 9-11 or to < 12 mmHg 9-12 is considered a 
favorable hemodynamic response to treatment, as it correlates with a signifi- 
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cant reduction in bleeding. In addition, studies 13 15 have shown that cirrhot- 
ics who bleed have an HYPG of > 12 mmHg. 

PREVENTION OF VARICEAL BLEEDING 

There have been five major studies 9-11,16,17 and one smaller series published 
as correspondence 18 in which the HVPG has been measured at baseline and 
at a subsequent time point (Table 1). Three of these studies are randomized 
controlled trials comparing pharmacologic prophylaxis with sclerotherapy 10 
or endoscopic banding ligation for the prevention of variceal rebleeding 11,17 ; 
two evaluate the prognostic value of HVPG monitoring in the setting of 
medical therapy for secondary prevention of variceal hemorrhage 9,16 . Three 
of these studies 9-11 are the ones usually quoted as evidence to justify a 
routine practice of HVPG monitoring during pharmacologic prevention of 
recurrent variceal bleeding. Two further studies 19,20 considered the impor- 
tance of hemodynamic response to drug therapy for the prevention of 
variceal bleeding, but their study populations combine both patients with 
and without a history of prior variceal bleeding, making their interpretation 
very difficult due to the different response rates to pharmacologic prevention 
and bleeding risks 20,21 in primary and secondary prophylaxis which are not 
separated one from another in the results. The main data of the five studies 
are summarized in Tables 1-3 with additional data from our own study 17 . 

At first glance all five studies appear similar, but there are some marked 
differences between these investigations, making the hemodynamic data 
difficult to interpret. As a result, questions arise regarding their value as 
evidence to justify the clinical performance of HVPG monitoring 22 . 

The studies vary with regard to treatment used (only beta-blockers in one 
or combination therapy with nitrates in the remaining four), percentage of 
patients with alcoholic liver disease (from 50% to 70%), time of follow-up 
(from 8 to 28 months), percentage of patients in Child class C (from 6% to 
47%) and especially in the interval of time after which the second HVPG 
measurement was performed (Table 2): indeed, this time interval varied as 
widely as a mean of 57 days 17 to 5.3 months 16 (Table 2). Furthermore, there 
are several specific issues which complicate the interpretation of the hemody- 
namic data. 

First, the hemodynamic response in these studies is defined as either an 
HVPG decrease of > 20% from baseline or a decrease to < 12 mmHg. 
However, there is overlap so that some patients who achieved a >20% 
decrease from baseline also had a final HVPG of < 12 mmHg; patients with 
such an overlap had a lower baseline HVPG. Indeed, in the only studies 
that report the data, 32% 9 to 57% 10 of hemodynamic responders achieved 
both criteria and 62% of patients with a > 20% decrease also decreased 
their HVPG to <12 mmHg 10 . Thus it is unclear whether the > 20% 
decrease is per se a valid therapeutic target, if an absolute reduction to 
< 12 mmHg is not achieved. Unfortunately one cannot derive these data 
from the published papers. 

Second, the determination of the prognostic value of HVPG monitoring 
is flawed by the fact that, in a percentage ranging from 17% 9 to 65% 17 , the 
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responder/non-responder status could not be assessed as the HVPG was 
not measured and/or remeasured (Table 3). One would expect this group to 
be composed of both potential responders and non-responders, and hence 
to have a rebleeding rate intermediate to both groups. However, the rebleed- 
ing rate in these patients varies widely, from 17% 10,11 to 64% 9 (Table 3). 
Thus, the rebleeding rate when HVPG was not measured or remeasured 
was similar to the responder group in Villanueva et al.’s second study (17% 
vs 16%) 11 , and is higher than in the non-responder group in the original 
study by Feu et al. (64% vs 52%) 9 . This omission represents an important 
source of bias, and one explanation for the heterogeneity of the results 
among the different studies. 

One reason why remeasurement of HVPG could not take place was that 
some patients rebled before the scheduled repeated measurement. This per- 
centage varied from 7% 8 to 22% 17 . In the cohort studied by Feu et al. 9 , 
remeasurement was at 3 months, so the rebleeding rate was low during this 
interval, suggesting a selection of patients with better risk in terms of 
rebleeding. Conversely, the highest percentage of rebleeding before remeas- 
urement, probably due to the high percentage of Child class C patients, 
occurred in the study in which HVPG was remeasured soonest (median of 
49 days) 17 . These patients are those at greatest risk of rebleeding; if they are 
excluded from HVPG monitoring, then the value of this approach is greatly 
reduced and less applicable. The influence of timing of remeasurement has 
now been accepted as being clinically relevant. Whereas the initial interval 
used to recommend remeasurement of HVPG was 3 months 9 (with only 7% 
rebleeding in this interval), the same group now suggests 2 weeks 23 . However, 
this recommendation has not been tested prospectively. Furthermore, the 
interval to remeasurement is not only an issue with regard to the proportion 
of patients rebleeding before a second HVPG measurement, but also with 
regard to the spontaneous reduction of HVPG 2,12 . 



CHRONIC LIVER DISEASE DUE TO HEPATITIS C VIRUS AND 
ASSESSMENT OF FIBROSIS 

Studies of antiviral therapy for chronic hepatitis C have shown that a 
sustained biochemical or virologic response is associated with a significant 
decrease in inflammation and more importantly in fibrosis 24-27 . However, 
histologic response to treatment can be partly independent of biochemical 
and sustained virologic responses, so that continuing treatment for long 
periods in biochemical non-responders can improve both grading and stag- 
ing of liver histology. This could be related to the antifibrogenic and anti- 
inflammatory effect of interferon 25-35 . 

However, there are several important limitations and sources of bias which 
prevent an accurate and reliable evaluation of the histologic benefit of 
antiviral therapy for chronic hepatitis C. There are inconsistencies in the 
definition of pathologic features, processing of specimens, sampling errors, 
and intra/interobserver variability, so that changes in liver histology are not 
precise quantitative estimates 36 . There is no firm evidence that fibrosis is 
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regularly distributed throughout the liver 35,37-39 , thus the usual right-sided 
biopsy may not be representative of “true” fibrosis. 

Although changes in histologic fibrosis can be considered the closest to 
“the true endpoints” of liver-related morbidity and mortality, obtaining 
reliable information from biopsies may be difficult and therefore it will be 
of fundamental importance to look for additional parameters that can be 
measured more quantitatively and accurately 40 . 

Measurement of portal pressure may represent this important parameter. 
Portal hypertension is the most common and lethal complication of chronic 
and progressive liver disease. Portal pressure has been shown by several 
studies to be an independent prognostic variable in cirrhotic patients 1 . Once 
a patient develops portal hypertension this becomes the pacemaker marking 
the progression of liver disease. 

Thus changes in HVPG can be considered as an adjunctive endpoint for 
the therapeutic evaluation of antiviral therapy for chronic hepatitis C 40 . 
Picchiotti et al. 41 found that there is an association between the severity of 
the piecemeal necrosis and sinusoidal pressure, and Nagula et al. 42 found 
that, in patients with cirrhotic liver biopsies, a significant relationship exists 
between HVPG and a combination of small nodularity and increasing 
thickness of fibrous septae. Van Leeuwen et al. found that WHVP increased 
with histologic progression of chronic hepatitis, and that portal hypertension 
was present before histologically detectable cirrhosis developed (the increase 
in HVPG reflecting an increase in intrahepatic vascular resistance) 43 . 

Thus serial HVPG measurements may be the best way to evaluate 
response to therapy in chronic hepatitis C, particularly in later stages (III 
and IV) when fibrous deposition is significant. Two studies have reported 
results of HVPG measurements in patients with chronic hepatitis C before 
and after treatment with interferon, finding a greater percentage change in 
the interferon-treated group compared with the placebo group 44,45 . 

Current unpublished data in our unit show that HVPG correlates well 
with the progression of fibrosis but not with the grade of inflammation, after 
liver transplantation for HCV cirrhosis, possibly providing a reliable prog- 
nostic parameter and adding another index of histologic progression for 
recurrent HCV infection. 

The same issues can be valid for the assessment of fibrosis in general, for 
which HVPG would be an indirect marker of progression or improvement. 
Given that fibrosis markers are as yet not sufficiently predictive 46 , the 
addition of HVPG should be assessed prospectively in trials of antifibrotic 
therapy. This would also enable liver biopsy to be performed at the same 
time by the transjugular route. Its advantage is that multiple cores of liver 
tissue can be taken at the same time to minimize sampling issues 39 . 

PORTAL PRESSURE AND PROGNOSIS 

In clinical practice the prognosis of cirrhosis is usually assessed by the 
Child-Pugh classification or its modifications. This classification is based 
on clinical and biochemical criteria and has a sensitivity and a specificity of 
approximately 80 % 47 . In recent years greater accuracy of assessment of 
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prognosis has become important with the increasing use of liver transplanta- 
tion. Many studies have evaluated quantitative liver function tests but these 
have not conclusively been shown to be better than Child-Pugh’s classifica- 
tion in comparative studies 48 ; and neither has the more recent MELD 
classification 49 . HVPG measurement has not received the same attention, 
although Armonis et al. have reviewed several studies of HVPG measure- 
ment for the assessment of prognosis in cirrhotic patients (Table 4) 1 . The 
vast majority of the patients included in these studies were alcoholics, and 
all studies except one concluded that the prediction of survival in cirrhosis 
based on conventional evaluation was significantly improved by information 
obtained from hepatic vein catheterization 1 . 

Since then only one study has failed to show that HVPG measurement 
was helpful in the prognostic assessment, this in a group of patients with 
alcoholic cirrhosis 50 , but many patients were already in an advanced phase 
of cirrhosis (48% with Child grade C) and a considerable proportion of 
them (46%) also had alcoholic hepatitis. No data are available on how 
many of these patients were abstinent or became abstinent, as abstinence 
from alcohol has been shown to decrease portal pressure 2 . 

It has been suggested that portal pressure monitoring with serial measure- 
ments may offer better prognostic information than a single measurement. 
Groszmann et al. 12 showed that patients who had a spontaneous or pharma- 
cologic reduction of HVPG to less than 12 mmHg had a significantly better 
survival than those who had not. Another study 2 confirmed this finding in 
30 patients with alcoholic cirrhosis, as it was shown that the cumulative 
probability of survival was higher in patients whose HVPG values decreased 
spontaneously during the follow-up by more than 15% of the baseline values. 

A recent study found that, in 73 cirrhotic patients receiving pharmacologic 
treatment for prevention of variceal bleeding, a decrease in HVPG > 20% 
or to <12 mmHg was associated with a marked reduction in the long-term 
risk of developing complications of portal hypertension (such as variceal 
bleeding, ascites, spontaneous bacterial peritonitis, hepatorenal syndrome 
and hepatic encephalopathy) and with improved survival 3 . Importantly, the 
degree of liver dysfunction was also associated with the advent of these 
complications, but it is not clear whether the patients with a hemodynamic 
response also had an improvement in liver function, thus explaining the 
improved outcome. Another recent study also showed that hemodynamic 
response to treatment of portal hypertension, besides being usually sustained 
after a long-term follow-up, decreases the probability of developing compli- 
cations of cirrhosis and the need for liver transplantation, and significantly 
improves survival 4 ; however, in this study there was a greater improvement 
in the Child-Pugh score in the responder group. Thus the question arises 
whether HVPG may be an independent prognostic factor or whether it is 
linked to liver function. Another issue arising from this last study is whether 
propranolol treatment should be advocated for all cirrhotic patients irrespec- 
tive of a history of bleeding, if it does reduce morbidity and mortality in 
patients with a hemodynamic response, irrespective of an improvement in 
liver function. If this were true, propranolol could become the “aspirin” of 
hepatologic therapeutics. 
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CONCLUSIONS 

There is no doubt that pharmacologic therapy of portal hypertension using 
non-selective beta-blockers is effective in reducing bleeding rates in both 
primary and secondary prophylaxis, and is at least equivalent to banding 
ligation for secondary prevention of variceal bleeding 11,17 . Whilst an absolute 
reduction of HVPG to 12 mmHg confers near-complete protection against 
bleeding, this is a rare event, and only constitutes a median of 14% of the 
cohorts in the five studies in which HVPG was measured (Table 1). When 
considering the target of >20% reduction there are currently too many 
difficulties in interpreting its clinical validity from published work, to recom- 
mend routine measurement of HVPG for this purpose. 

Instituting monitoring of target HVPG reductions instead of the empirical 
use of propranolol (which is the second cheapest generic drug worldwide 
after aspirin) would increase the cost of medical therapy for portal hyperten- 
sion. Its use needs to be substantiated by solid evidence, demonstrating both 
better therapeutic efficacy and clinical applicability. Monitoring of HVPG 
used as a splanchnic sphygmomanometer 1 needs to be assessed in a new 
prospective study in secondary prophylaxis remeasuring HVPG at 2 weeks 
from bleeding, and randomizing to a change of therapy or no modification, 
if target reductions of HVPG have not been achieved. In addition changes 
in liver function need to be assessed during follow-up in order to explore 
the interaction of liver function with HVPG. 

Chronic hepatitis C is a major health-care problem, and response to 
antiviral therapy has previously been defined biochemically and by virologic 
response. However, changes in the HVPG could be considered as an adjunc- 
tive endpoint for the therapeutic evaluation of antiviral therapy in chronic 
hepatitis C. It is a validated technique which is safe, well tolerated, well 
established, and reproducible. Serial HVPG measurements may be the best 
way to evaluate response to therapy in chronic hepatitis C 40 . In the future 
it is likely that a panel of fibrosis markers will be used, and portal pressure 
measurement will be the important link prognostically between histology 
and serum markers of fibrosis. In order to test this, therapeutic trials should 
evaluate HVPG combined with transjugular liver biopsy before and after 
treatment. In patients with normal HVPG, maintaining a normal pressure 
should be a sign of good prognosis, and in those in whom it becomes normal 
it should also be a good prognostic sign. In virologic non-responders it is 
not known whether a liver biopsy after treatment is appropriate to evaluate 
therapeutic benefit following antiviral therapy, and in cirrhotics it is not 
clear what should be measured to assess long-term response. In these two 
groups, HVPG measurement could be particularly useful 40 . 

Information obtained from hepatic vein catheterization has significant 
prognostic value in predicting survival. Most of the published studies, especi- 
ally those that used Cox’s regression analysis, have found that the prediction 
of survival based on a conventional Child-Pugh score is improved signifi- 
cantly by adding the information regarding the level of portal pressure, as 
it is a statistically independent prognostic variable 1 . As pharmacologic reduc- 
tion of portal pressure may decrease the risk of the complications of portal 
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Figure 1 . Correlation between portal vein pressure and wedged hepatic vein pressure and 
HVPG and portal pressure gradient in the 11 published studies (n = 320 patients). Panels A 
and B, correlation; panels C and D, agreement between measurements according to Altman 
and Bland 51 



hypertension, and improve survival 3 , independent of a concomitant improve- 
ment of liver function, measurement of portal pressure becomes clinically 
very relevant. 

In conclusion, HVPG measurement must be considered as the current 
method of choice in assessing portal pressure in cirrhotic patients (Figure 1). 
While its role in the management of pharmacologic prevention of variceal 
rebleeding has to be better defined, it is a valid and useful tool for assessing 
prognosis in chronic liver disease. Potentially it could be an adjunctive tool 
to assess histologic and clinical improvement due to antiviral therapy for 
chronic HCV disease, as well as for the assessment of antifibrotic therapy. 
Measurement of portal pressure should be more widely used in the clinical 
practice of hepatology. 
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What to do with non-responders 
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INTRODUCTION 

Hemodynamic monitoring provides an accurate stratification of bleeding 
risk and may enable tailoring of therapy 1 . This may be particularly useful 
in the prevention of rebleeding, when the risk is much higher than in primary 
prevention 2 . 



CLINICAL IMPLICATIONS OF HEMODYNAMIC MONITORING 

A reduction in the hepatic venous pressure gradient (HVPG) below 
12 mmHg, or by more than 20% from the baseline value, is currently used 
to define an adequate response 3,4 . A decrease of HVPG to values below the 
threshold level of 12 mmHg confers near-complete protection against the 
risk of bleeding 3-5 ; however, such a decrease occurs in only a minority of 
cases. In patients without previous bleeding a spontaneous HVPG decrease 
below this threshold occurs in 16-18% of cases 3,6 , and has been related to 
an improvement in liver function induced by alcohol abstinence or other 
factors 3,6 . Such a spontaneous HVPG decrease has been noted in only 2-6 % 
of patients with a previous bleeding 7,8 . Treatment with (3-blockers provides 
an HVPG reduction below 12 mmHg in 12% of patients treated to prevent 
rebleeding 4 , and in 20-30% of those in primary prophylaxis 3,9 . Even when 
this target is not reached, a substantial decrease in HVPG of at least 20% 
from the baseline value also provides a significant reduction in the risk of 
variceal hemorrhage to below 10% 4 . 

The risk of variceal bleeding in responders is comparable to that in 
patients treated with surgical shunts or with transjugular intrahepatic porto- 
systemic shunt (TIPS) (Figure l) 1 . Hemodynamic response is also associated 
with a significant reduction in the probability of developing other complica- 
tions related to portal hypertension, such as ascites and related condi- 
tions 8,10,11 . Furthermore, responders have a significant improvement in liver 
function, as well as a lower risk of developing encephalopathy 1011 , and 
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+ISMN surgery 

Data from: 

Rospi Vo 5 RCT (N=312), c 28 RCT (N=1042), >/oc>/ 8 RCT (N*497), ? 

20 RCT (N=888), 47 RCT (N=2041), 11 RCT (N=403), 14 RCT (N= 557). 

Figure 1 . Rebleeding rates achieved with different available therapies and those observed in 
responders and non-responders. The bars represent the pooled means obtained in randomized 
controlled trials (data from refs 18, 34, 63, 64, 67) 

requiring liver transplantation 11 . It should also be emphasized that survival 
is improved in responders 8,10,11 . 

CURRENTLY USED TREATMENTS FOR PORTAL 
HYPERTENSION. RELATIONSHIP WITH HEMODYNAMIC 
RESPONSE 

Until recently, long-term pharmacologic therapy of portal hypertension was 
based on the use of non-selective (3-blockers which reduce portal pressure 
by decreasing portal venous inflow 12 . However, the effect of these drugs on 
portal pressure may be hindered due to an increase in portocollateral and 
intrahepatic resistance 13 . The association of nitrates may avoid this effect, 
enhancing the portal hypotensive effect achieved with P-blockers alone 14,15 . 

At present non-selective p-blockers are the treatment of choice to prevent 
a first variceal bleeding 16 . P-Blockers alone, or combined with isosorbide 
mononitrate (ISMN), may be considered as a first-line treatment option to 
prevent variceal rebleeding 16-18 . 

P-Blockers 

A major drawback of P-blockers is that 15-20% of patients have contraindi- 
cations or develop severe side-effects that preclude their use 19 . Another 
problem is that the risk of bleeding is not abolished, particularly in secondary 
prophylaxis, a setting in which rebleeding rates of up to 50% are observed 
with P-blockers 18 . This may be due to the fact that as many as 60-70% of 
patients are non-responders to this treatment 4,20-23 . 

It has been shown that rescue therapies do not further decrease portal 
pressure in responders to P-blockers alone 24,25 ; this suggests that no addi- 
tional treatment is required in responders to p-blockers. 
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Figure 2. Rescue therapies to consider in non-responders. The combination of (3-blockers and 
ISMN should be considered in non-responders to p-blockers alone; however, which treatment 
may effectively rescue non-responders to this combination should be assessed in randomized 
controlled trials 



Combination of p-blockers and nitrates 

The association of ISMN and p-blockers has yielded a greater reduction in 
portal pressure than with p-blockers alone 14,15,24 , significantly increasing the 
rate of responders to 40-50% of cases 7,8,14,15,24,25 . Furthermore, this combi- 
nation does not produce any deleterious effects on renal function or sodium 
handling 26,27 . 

For the prevention of variceal rebleeding, combined therapy with 
p-blockers and ISMN has been compared with P-blockers alone 28,29 , with 
sclerotherapy 7 , with variceal ligation 8,30,31 , and with shunt surgery 32 , show- 
ing similar or better efficacy. Based on the results of these trials it has been 
recommended to use hemodynamic monitoring and to add ISMN in non- 
responders to p-blockers alone 1 . Such an approach has been supported by 
the results of a recent study 33 . An alternative strategy consists of using 
combined therapy with p-blockers and ISMN for the prevention of rebleed- 
ing in all patients. This may be supported by the efficacy and safety of such 
treatment and by the high risk of further hemorrhage in this setting. 
Hemodynamic monitoring to identify non-responders to this combined ther- 
apy will provide prognostic information 10,11 ; however, the rescue therapy to 
be used is at present a matter under investigation (Figure 2) 34 . 

For the prevention of first bleeding, available evidence does not support 
the use of P-blockers plus ISMN instead of p-blockers alone 18,19 . This may 
be because the low residual risk of first hemorrhage achieved with P-blockers 
makes it difficult to demonstrate any hypothetical improvement 35 . Whether 
or not the association ISMN may be valuable for the high-risk subset of 
patients who do not respond to P-blockers alone remains to be clarified. 
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PHARMACOLOGIC OPTIONS TO RESCUE 
NON-RESPONDERS 

Several medications used either as single therapy or in combination may be 
useful to rescue non-responders. 

Angiotensin II blockers 

Despite initial expectations from uncontrolled studies 36 , subsequent trials 
have shown that angiotensin II blockade with losartan or irbesartan has 
negligible effects on portal hypertension, but induces arterial hypotension 
and decreases glomerular filtration rate 37 ' 39 . 

Combined therapy with spironolactone and p-blockers 

A low-sodium diet and spironolactone have been shown to reduce portal 
pressure and variceal pressure in cirrhosis 40,41 . Furthermore, it has been 
reported that the association of spironolactone and propranolol significantly 
reduced variceal pressure when propranolol alone had no effect on this 
parameter 42 . However, this combined treatment does not appear to improve 
the efficacy of P-blockers in primary prophylaxis 43 . 

Carvedilol 

Both the acute and chronic administration of carvedilol induced a marked 
decrease in HVPG. This reduction was greater than that achieved with 
propranolol, but carvedilol also caused arterial hypotension 44,45 . The long- 
term administration of carvedilol significantly increased the proportion of 
hemodynamic responders to 54% of cases 45 ; however, chronic treatment 
with carvedilol, but not with propranolol, was associated with marked 
arterial hypotension and with a significant increase in plasma volume and 
body weight 45,46 . Tolerance seems to improve with lower doses (12.5 mg/day 
instead of 25 mg/day) and a careful titration 46,47 . 

Whether the portal hypotensive effect of carvedilol will translate into a 
safe, relevant improvement in clinical practice should be investigated. 

Combined therapy with prazosin and p-blockers 

It has been suggested that, in cirrhosis, the synthesis of nitric oxide (NO) 
by endothelial sinusoidal cells is insufficient to counteract the vasoconstrictor 
response to a-adrenergic stimuli. This contributes to a further increase in 
hepatic resistance 48,49 , and supports the use of NO donors such as ISMN, 
and a-adrenergic antagonists such as prazosin. 

Prazosin significantly reduces portal hypertension, probably due to a 
decrease in intraheptic resistance. Nevertheless, it is also associated with 
side-effects, such as a significant reduction in arterial pressure, activation of 
endogenous vasoactive systems leading to sodium retention and, in some 
cases, to the accumulation of ascites 49 . The association of P-blockers and 
prazosin induces a significantly greater reduction in HVPG than that 
achieved using combined therapy with P-blockers and ISMN 25 ; furthermore, 
it has been suggested that a careful titration of prazosin dose in patients 
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Spontaneous IS-blockers fc-blockers Carvedilol (1-blockers 
Response + Nitrates + Prazosin 



Source: 2 studies (N-77J; 11 studies (N=378); 

B-Blockers+ISMN : 9 studies (N=445); Carvedriol: 2 studies (N=43); 

a-Blockem+Prazosim 1 study {N-28). 



Figure 3. Rates of hemodynamic response observed with different pharmacological treatments. 
The bars represent the polled means obtained in randomized controlled trials (data from refs 
4, 7, 8, 14, 15, 20-25, 44-47) 



already treated with P-blockers may avoid most of the adverse effects of 
prazosin 25 . However, even in these circumstances such combined therapy 
induces a greater decrease in arterial pressure than does the combination of 
(3-blockers and ISMN 25 . On the other hand, it should be emphasized that 
the rate of hemodynamic responders obtained with P-blockers plus prazosin 
was significantly greater than that achieved with p-blockers plus ISMN, and 
reached 85% of patients 25 . This constitutes one of the highest proportions 
of response achieved with medications (Figure 3). Whether this will lead to 
a greater clinical efficacy should be assessed. 

Other pharmacologic treatments 

Several areas of investigation are likely to afford relevant therapeutic 
advances, such as endothelin receptor blockers and selective hepatic delivery 
of NO using liver-specific NO donors or enhancing NO-synthase 
expression 48,50 . 

Other aspects of pharmacologic therapy to take into account 

Besides a portal hypotensive effect, other aspects of medications may be of 
additional value, particularly in non-responders. 

Meals induce a postprandial splanchnic vasodilation and hyperemia, 
which in cirrhosis determine a repeated transient increase of portal and 
collateral blood flow resulting in a transient increase of portal pressure 51,52 . 
This in turn may lead to a progressive portocollateral dilation, resulting in 
the development and dilation of varices, and may finally precipitate bleeding 
and rebleeding 53,54 . Other factors may also induce abrupt increases in portal 
pressure, such as circadian rhythms, ethanol consumption, exercise, volume 
restitution or acute changes in intra-abdominal pressure 55,56 . Medications 
such as somatostatin analogs, ISMN, simvastatin, or even P-blockers, may 
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offer additional beneficial effects by preventing these fluctuations in portal 

54 57-59 

pressure ’ . 

Hemodynamic response is usually assessed within 1-3 months from the 
start of treatment. A recent study has demonstrated that response is usually 
sustained when it is measured again after a longer follow-up 11 . However, a 
later gain of response may occur in up to 10% of cases, mainly in abstinent 
alcoholics. On the contrary, a later loss of initial response may occur in up 
to 9% of cases, and is mainly related to a reduction in medication dose 11 . 
This suggests that hemodynamic response may be reassessed in these 
circumstances. 

Some hemodynamic events may not be accurately reflected by HVPG 
measurements. As an example, in some patients (3-blockers cause a more 
pronounced decrease in gastroesophageal collateral blood flow and variceal 
pressure than in portal pressure 23 . In keeping with this, it has been suggested 
that monitoring the variceal pressure response to (3-blockers may markedly 
increase the sensitivity of the prognostic assessment achieved with HVPG 
monitoring alone 22 . Up to 34% of non-responders, by HVPG measurements, 
are actually responders according to variceal pressure monitoring 22 . 

It has also been suggested recently that the HVPG decrease required to 
define an adequate hemodynamic response may be lower in primary prophy- 
laxis 60 . In this setting the probability of variceal hemorrhage is relatively 
low with (3-blockers, despite the fact that the majority of patients are non- 
responders. 

The above issues are not considered when evaluating hemodynamic 
response. Their relevance in clinical practice is yet to be established. 
However, it is clear that hemodynamic monitoring provides valuable prog- 
nostic information. 

AN ENDOSCOPIC APPROACH TO RESCUE NON-RESPONDERS 

Once esophageal varices are eradicated by endoscopic therapy the mean 
portal pressure does not change as compared to the baseline value 61,62 . 
However, in around 30% of patients there is a spontaneous decrease 61,62 . 
This has been related to the presence of other major collaterals, to abstinence 
from alcohol and to an improvement in liver function 6,61,62 . A spontaneous 
hemodynamic response has been observed in up to 16% of patients treated 
with endoscopic procedures 7,8 . Among patients treated with both sclerother- 
apy and variceal ligation, spontaneous responders have a significantly lower 
probability of failure of endoscopic therapy to prevent rebleeding than 
patients who do not show such a response 7,8 . Furthermore, the association 
of (3-blockers improves the efficacy of sclerotherapy and variceal ligation, 
possibly as a consequence of an increased rate of hemodynamic respond- 
ers 63,64 . A spontaneous hemodynamic response may thus account, at least 
in part, for the efficacy of endoscopic therapy in some patients. Furthermore, 
it raises caveats regarding the utility of rescue endoscopic therapy for patients 
who previously have not responded to pharmacological treatment. In a 
recent study in which treatment was tailored according to hemodynamic 
response, rebleeding occurred in the majority of non-responders to proprano- 
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lol and ISMN who were rescued with endoscopic ligation (87%: seven out 
of eight) 33 . 

On the other hand, the association of sclerotherapy and (3-blockers induces 
a modest yet significant reduction in the rebleeding risk, with no improve- 
ment in survival 63 . This suggests that the local obliterative effect of endo- 
scopic therapy on esophageal varices may enhance the efficacy of the portal 
hypotensive effect of pharmacologic treatment. Such an additive effect may 
be particularly apparent in non-responders, given the low residual risk of 
bleeding in responders. Endoscopic variceal ligation has proven to be supe- 
rior to sclerotherapy in terms of efficacy and safety 63,64 . However, whether 
the combination of drug therapy and ligation actually improves the results 
achieved using medication alone has not been adequately evaluated. 

At present it should be emphasized that there is no evidence to support 
the use of variceal ligation as rescue therapy for non-responders. Whether 
or not this approach may be valuable should be carefully investigated both 
for primary and secondary prevention of variceal hemorrhage. 

THE OPTION OF TIPS 

Portosystemic shunt procedures are effective in decreasing portal pressure 
and the risk of variceal hemorrhage, but they also have the disadvantage of 
enhancing the risk of encephalopathy and worsening liver function 65 . 

As compared with the combined therapy with propranolol and ISMN, 
TIPS significantly decreases variceal rebleeding, but increases encephalopa- 
thy and has no effect on survival 66 . This combined pharmacologic treatment 
has also been compared with shunt surgery (and sclerotherapy for 
Child-Pugh C), showing no significant differences 32 . 

Non-responders constitute a high-risk group of patients, with a great 
probability of developing variceal hemorrhage and other complications 
related to portal hypertension, and with a risk of death above 30% at 2 years 
of follow-up 8 . TIPS may be effective as a rescue therapy to prevent rebleeding 
in this high-risk subset of patients 1 ; however, this should also be assessed 
because, despite preventing rebleeding, TIPS may worsen liver function and 
may not improve survival. This already occurred in trials comparing TIPS 
and endoscopic therapy for the prevention of variceal rebleeding 67 . 

THE ROLE OF LIVER TRANSPLANTATION 

At present up to 82% of patients who receive a liver transplantation survive 
at 2 years of follow-up and 72% at 4 years 68 . These figures are higher than 
those observed in non-responders to treatment for the prevention of rebleed- 
ing (Figure 4), indicating that liver transplantation may perhaps improve 
outcome in non-responders, and that probably these patients should be 
listed earlier for transplantation. 

THE ACUTE VARICEAL BLEEDING EPISODE 

Several studies have shown that early HVPG measurements during the 
course of an acute variceal bleeding episode provide useful prognostic infor- 
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OLT in cirrhosis: From European Liver Transplant Registry ( www.eltr.org ). 
Updated on October 2003 (N=22907) 



Figure 4. Probability of survival observed in responders and non-responders, and with liver 
transplantation. A: Probability of survival in responders and non-responders, observed in a 
large series of patients treated with nadolol and ISMN 11 . B: Probability of survival in responders 
and non-responders, observed in patients treated with nadolol and ISMN 11 , and that observed 
in patients with liver transplantation from 1988 to 2003 (from European Liver Transplant 
Registry: www.eltr.org) 



mation 58,69,70 . In this setting an HVPG above 20 mmHg is associated with 
a significantly worse outcome 70 . Using this criterion for tailoring therapy, a 
small study suggested that rescue TIPS significantly improved treatment 
failure in high-risk patients, as compared with the control group treated 
with emergency sclerotherapy but not as compared with patients with an 
HVPG below 20 mmHg 71 . These findings suggest that monitoring portal 
pressure may improve the management of acute variceal hemorrhage. 
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INTRODUCTION 

Available evidence supports the concept that repeat measurements of hepatic 
venous pressure gradient (HVPG) adequately predict the effectiveness of 
drug therapy for portal hypertension 1-7 . The HVPG response to continued 
pharmacologic therapy correlates well with the risk of first variceal bleed- 
ing 3,8 or rebleeding 2,4 . Patients who experienced a decrease in HVPG to 
<12 mmHg have an extremely low risk of rebleeding (“optimal” hemody- 
namic response). Even if the final HVPG is not reduced <12 mmHg, a 
decrease of over 20% of baseline values is also associated with a marked 
reduction in the risk of bleeding of about 19.5% vs 45% in non-responders 
(“good” hemodynamic response) (Table 1). Unfortunately such hemody- 
namic responses are achieved in only about 30-60% of patients receiving 
non-selective beta-blockers. Lack of achievement of these targets constitutes 
the strongest independent predictor of variceal bleeding or rebleeding 2-4,10 . 
Therefore, ideally, the treatment of portal hypertension should be guided by 
measuring the individual portal pressure response to therapy. This allows 
us to predict whether the treatment is likely to offer optimal or adequate 
protection from the risk of bleeding on follow-up 10,11 . 

However, measurements of HVPG, although safe and relatively simple, 
are invasive and require specific training 5 . This makes it unlikely that repeat 
measurements of HVPG could be used routinely out of the context of clinical 
research. So it would be extremely useful to have a valid non-invasive 
surrogate that can be used to monitor drug therapy. Unfortunately, such a 
“splanchnic sphygmomanometer” is not yet available. However, it is useful 
to keep in mind the ideal requirements for such a method (Figure 1). 

NON-INVASIVE TECHNIQUES (WHAT WE NEED) 

Because of the above-mentioned limitations for generalized use of HVPG 
monitoring, there has been much interest in developing potential non-inva- 
sive methods to monitor the hemodynamic response. 
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Figure 1 . Characteristics of the ideal method to monitor the effects of drug therapy for portal 
hypertension 



Variceal pressure measurements 

Besides HVPG (the gold standard) the method in which there is more 
experience is the measurement of variceal pressure at endoscopy. Variceal 
pressure is a direct determinant of the tension in the wall of the varix, which 
has been identified as the key factor in determining variceal rupture 12 . 
Previous studies have shown that variceal pressure can be accurately mea- 
sured at endoscopy by puncturing the varices or by means of pressure gauges 
or low-resistance balloons 13-17 . The endoscopic pressure gauge (Varipress) 
is the method used most commonly in prospective studies, since variceal 
puncture can be justified only while performing endoscopic injection sclero- 
therapy. The Varipress consists of a pressure-sensitive capsule, attached to 
the tip of an endoscope that permits measurement of variceal pressure merely 
by placing it over a varix. The capsule has a small chamber covered by a 
thin latex membrane, which is continuously perfused with a constant flow 
of nitrogen by means of a non-compliant perfusion system (Figure 2). It is 
assumed that when the gauge is applied to the varix, the pressure needed 
to perfuse the gauge, measured on-line by a quartz pressure transducer, 
equals the pressure inside the varix 13,14,18,19 . 

Variceal pressure correlates significantly with portal pressure 14 . Despite 
this correlation, variceal pressure is significantly lower than portal pressure, 
probably because a significant resistance along the collaterals feeding the 
varices causes a pressure drop from the portal vein to the varix 18 . Variceal 
pressure is of clinical interest because patients who have bled from varices 
have significantly greater variceal pressure than those who have not (but 
who are matched for a similar portal pressure); this finding suggests an 
independent prognostic value of variceal pressure 18,20,21 . In addition, variceal 
pressure is usually greater in patients with large varices than in those with 
small varices, who are known to have a lower risk of bleeding 14,20,22 . 
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Figure 2. The small pressure-sensitive capsule is attached to the tip of the endoscope, allowing 
measurement of the variceal pressure merely by placing it over a varix 



Several clinical studies have demonstrated that variceal pressure measure- 
ments using the Varipress have strong prognostic value with regard to the 
evolution of an acute variceal bleeding episode 23 , the development of the 
first variceal hemorrhage 24 , and on the risk of variceal rebleeding in patients 
receiving pharmacologic therapy 25 . Variceal pressure measurement ade- 
quately reflects the effects of pharmacologic treatment 21,25,26 . A reduction 
of variceal pressure after pharmacologic therapy of at least 20% from 
baseline has been shown to be associated with a low actuarial probability 
of variceal bleeding on follow-up (7% at 3 years vs 46% in those not 
showing this reduction) 25 . Moreover, the results of this study showed that 
the prognostic value of the variceal pressure response was as powerful as 
that of the HVPG response. The two methods identified different populations 
of patients with a favorable outcome, therefore they should be considered 
complementary rather than mutually exclusive 25 . 

Unfortunately, measurements of variceal pressure are difficult and prone 
to artifacts due to esophageal peristalsis. The technique is not feasible in 
every patient; about 25% of patients initially scheduled to have variceal 
pressure measurements must be excluded because of technical difficulties, 
especially patients with small varices 25 . Additionally, endoscopic measure- 
ments are not exactly non-invasive, though certainly less so than HVPG 
measurements. Finally, the variability of the measurement and the training 
required for correct measurements by far exceed those of HVPG. Because 
of these limitations it is highly unlikely that it might be used in routine 
clinical practice. 

Doppler ultrasonography 

Doppler ultrasonography has been widely explored to evaluate changes in 
portal blood flow, blood flow velocity, superior mesenteric artery blood flow 
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Figure 1 . Factors modulating the individual response to beta-blockers 



velocity and pulsatility index after pharmacologic therapy with beta-block- 
ers. Although it is totally non-invasive and reasonably cheap, unfortunately 
it is not accurate enough to be used as a surrogate measurement of changes 
in portal/variceal pressure 27,28 . Critical issues such as angle of insonation, 
assumptions in the calculation of “mean” blood flow velocity, and “optimal” 
sampling point introduce variations due to observer and to equipment. 
Ultrasonography is subject to excessively high interobserver variability in 
addition to observer dependency, which hampers accurate measure- 
ments 29,30 . Moreover, the method estimates blood flow velocity. Blood flow 
is calculated from the product of blood flow velocity and cross-sectional 
area of the portal vein, which is estimated from the measurement of portal 
vein diameter (which adds an extra 10% error), which adds uncertainty to 
the calculations. On the other hand, even if Doppler ultrasonography could 
be improved so as to allow observer-independent accurate measurements of 
changes in blood flow, its applicability would be limited to assessing the 
effects of agents that decrease portal pressure by reducing splanchnic blood 
flow (vasopressin, beta-blockers, etc.). Even in this situation changes in blood 
flow do not translate into equal changes in portal pressure, due to the fact 
that a concomitant increase in portal-collateral resistance hinders the fall 
in portal pressure caused by vasoconstrictors 31 . Moreover, the effects of 
vasodilators (alone or in combination with beta-blockers) on portal pressure 
cannot be detected by measuring parameters related only to portal or 
mesenteric artery blood flows 32 . 

On the other hand, the portal pressure response (or lack of response) to 
beta-blockers is a multifactorial phenomenon, which makes it unlikely that 
a single test could predict it, besides the measurement of HYPG (Figure 3). 
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Endoscopic ultrasonography (EUS) 

This allows the visualization of esophageal and gastric varices, the perieso- 
phageal and perigastric collateral veins, the portal venous system, and the 
azygos vein. In addition, recent data suggest that endoscopic ultrasonogra- 
phy may be used for minimally invasive estimations of azygos blood flow 33 . 
Furthermore, EUS was able to detect transient changes in azygos blood 
flow after the acute administration of somatostatin and octreotide 33 , 
although it is unlikely that such measurements could give reproducible 
results in separate studies. It has been suggested that EUS does not add 
further important prognostic information regarding the risk of variceal 
bleeding over that provided by conventional endoscopy (which also identifies 
red color signs in the variceal wall) and ultrasonography 34 . Currently, the 
clinical use of EUS is restricted to two main applications: the diagnosis of 
gastric fundal varices when endoscopy offers doubtful results 35 , and assessing 
the risk of variceal recurrence after varices have been eradicated by endo- 
scopic sclerotherapy or banding ligation. Further studies are required to 
explore the potential unique contributions of EUS, such as the objective 
measurement of variceal wall thickness diameter and variceal volume, 
parameters which are direct determinants of variceal wall tension and that 
therefore have a good potential to correlate with the risk of bleeding. 

Other non-invasive techniques 

Other non-invasive imaging techniques such as computed tomographic scan 
and magnetic resonance imaging (MRI) may allow visualization of the 
portal venous system and observer-independent measurements of portal and 
collateral (azygos) blood flow. Promising results have been obtained measur- 
ing portal and azygos blood flow using phase-contrast MR angiography 36,37 
and recently with dynamic contrast material-enhanced MRI 38 . These are 
preferable to Doppler ultrasound since they are quantitative and observer- 
independent. Despite these promising results, its potential to assess the 
effects of drug treatment for portal hypertension has not been adequately 
evaluated. As with Doppler ultrasound, it should be kept in mind that 
changes in blood flow do not reflect the hemodynamic changes at the varices 
caused by vasodilators, and because of this limitation might not be adequate 
to assess the effect of drugs different from beta-blockers. 

Systemic hemodynamic parameters 

Although routinely used in the clinical setting, easily accessible systemic 
hemodynamic parameters such as heart rate reduction or changes in arterial 
pressure do not predict the hemodynamic effect of propranolol on portal 
hypertension 1,39-41 . The common practice of titrating beta-blocker therapy 
against heart rate merely shows the degree of (3 1 -adrenergic blockade, which 
does not correlate with the fall in portal pressure. It has been suggested that 
patients should receive the maximal tolerated dose of beta-blockers indepen- 
dently of the percentage fall in heart rate in order to increase the rate of 
hemodynamic response 1,4 . 
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Other methods have been used to assess both and |3 2 -adrenergic block- 
ade in a non-invasive manner. Propranolol reduces arterial blood flow to 
the extremities by a mechanism involving a reduction in the cardiac output 
due to p r adrenoceptor blockade and a constriction of the peripheral arteries 
by blockade of the |3 2 -adrenoceptors. Initial studies evaluated the use of 
dual-beam Doppler, a technique that allows measurements of total blood 
flow independent of the angle of isonation and not requiring measurement 
of the cross-sectional area of the vessel. Such measurements of femoral blood 
flow after acute propranolol administration identified 94% of the patients 
with a poor HVPG response to propranolol, but had low power to detect 
those with a good response (57% positive predictive value) 42 . Similar results 
were found when the effect of beta-blockers was assessed from changes in 
forearm blood flow, measured by strain-gauge plethysmography 43 . 

Others 

It has been suggested that the lack of response to beta-blockers could be 
related to a down-regulation of P-adrenoceptors 44 . This finding has attracted 
interest, since it provided the rationale for trying to predict the portal 
pressure response to propranolol with a blood test. However, a subsequent 
study clearly showed that non-response to propranolol cannot be explained 
on the basis of a decreased density or affinity of p 2 -adrenoceptors or to 
circulating levels of cathecholamines 45 . 

It is likely that other factors, such as p 2 -adrenoceptor polymorphisms 46 , 
may be involved in the unpredictable response to beta-blockers, but this has 
not been explored so far. 

IMPROVING HEMODYNAMIC RESPONSE WITH BETTER 
DRUGS (WHAT WE HOPE) 

Another approach to this problem is the use of better drugs, that could 
achieve a “clinically effective” reduction of portal pressure (below 12 mmHg 
or of more than 20% of baseline values) in a vast majority of patients, so 
there is no need to measure the individual portal pressure response. 

Overall, non-selective beta-blockers achieve a modest reduction in HVPG 
in cirrhotic patients with esophageal varices 1,47 . However, their effects are 
heterogeneous, and the prevalence of responders varies in different series in 
a range of 30-60% 2,3,8,25,48,49 . Generally, well-compensated patients (with- 
out ascites, jaundice or previous bleeding episodes) more frequently exhibit 
a good response than do those with more advanced cirrhosis. 

Several drugs or drug combinations have been shown to allow greater 
falls in portal pressure than propranolol or nadolol alone (Table 2). The 
combination of beta-blockers plus isosorbide-5-mononitrate ( ISMN ) has 
been shown to cause a greater reduction in HVPG than either drug alone, 
specially in propranolol non-responders 47,50 (Table 2). 

Vasodilators (ISMN 51,52 , clonidine 53 , prazosin 54,55 , losartan 56 , irbesar- 
tan 57-59 and molsidomine 60-62 ) have been explored as single agents but 
abandoned either because they are ineffective or because of systemic hypoten- 
sion and worsening of sodium retention. 
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Table 2. Drugs and drug combinations tested showing the mean decrease on HVPG and 
proportion of responders 



Drugs and references 


Mean reduction on HVPG (%) 


Responders (%)* 


Propranolol 1 ’ 2 ’ 8 ’ 39 


10-13.4% 


33-36% 


ISMN 50 


7.5% 


Not available 


Propranolol 46 /nadolol 47,48 + ISMN 


19%— 21.4% 


42-51% 


Prazosin 54 


19.5% 


Not available 


Propranolol + prazosin 62 


24.2% 


82% 


Carvedilol 63 


19% 


58% 


Clonidine 52 


15.4% 


Not available 


Losartan 55 


2% 


Not available 



* Defined as HVPG reduction over 20% from baseline or to less than 12mmHg. 



The association of propranolol plus the o^-adrenergic antagonist prazosin , 
was significantly more effective in reducing HVPG than the association of 
propranolol plus isosorbide-5-mononitrate 63 (Table 2). However, this combi- 
nation caused a greater decrease in arterial pressure and was less well 
tolerated than propranolol plus ISMN. 

Carvedilol is a non-selective beta-blocker with intrinsic anti oq-adrenergic 
activity. Recent randomized studies have demonstrated that carvedilol causes 
a significantly greater mean reduction in HVPG than propranolol (Table 2). 
Moreover, the proportion of patients achieving target reductions in HVPG 
(a decrease of > 20% from baseline values or to < 12 mmHg) was signifi- 
cantly higher with carvedilol than with propranolol (58% vs 23 %) 64 . On 
the contrary, carvedilol was associated with a significant decrease in mean 
arterial pressure and with an increase in plasma volume, suggesting that it 
may increase the need for diuretics and that it should be used with care in 
patients with ascites. 

Whether the greater hemodynamic effects achieved with some of these 
combinations translate into better clinical results should be verified by 
randomized controlled studies. 



ACUTE RESPONSE TO PROPRANOLOL 

Another way of minimizing the requirements for repeat measurements of 
HVPG is by determining the acute effect of therapy on HVPG. Several 
investigations have shown an acceptable correspondence between the acute 
and chronic effects of propranolol on HVPG 1,41,65 . The correlation between 
the acute response to an oral dose of 40-80 mg of propranolol and the 
response to continued drug therapy was 74% *. 

Interestingly, a recent study that evaluated the acute HVPG response 
20 min after an intravenous propranolol administration (of 0.15 mg/kg) 
disclosed that the acute response correlated with the incidence of bleeding 
during follow-up 65 . If these results are confirmed it could be of clinical 
relevance, since it would be possible to obtain prognostic information on 
the bleeding-risk reduction afforded by therapy in a single hepatic vein 
catheterization study. 
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SUMMARY 

All available evidence supports the concept that repeat measurements of 
HVPG adequately predict the effectiveness of drug therapy for portal hyper- 
tension. Therefore, ideally, the treatment of portal hypertension should be 
guided by measuring the individual portal pressure response to therapy. 
However, to achieve this, the ideal method should be totally non-invasive 
(or minimally invasive), quantitative, precise, accurate and objective. 

Besides HVPG (the gold standard) the method in which there is more 
experience is the measurement of variceal pressure at endoscopy. This has 
been shown to give prognostic information and to adequately reflect the 
effects of pharmacologic treatment. However, measurements of variceal pres- 
sure are difficult, prone to artifacts due to esophageal peristalsis and cannot 
be considered as totally non-invasive. 

Doppler ultrasonography has been widely evaluated, but unfortunately 
it is not accurate enough to be used as a surrogate measurement of 
portal/variceal pressure. Other non-invasive imaging techniques (CT, MRI) 
may allow visualization of the portal venous system and observer-indepen- 
dent measurements of portal and collateral (azygos) blood flow, but their 
potential to assess the effects of drug treatment for portal hypertension has 
not been adequately evaluated. 

Changes in arterial blood pressure, heart rate, cardiac output, femoral 
blood flow, plasma catecholamines or lymphocyte p 2 -adrenoceptors do not 
correlate with the portal pressure response to beta-blockers. 

Another approach to this problem is the use of better drugs, that could 
achieve a “clinically effective” reduction of portal pressure (below 12 mmHg 
or of more than 20% of baseline values) in a vast majority of patients, so 
there is no need to measure the individual portal pressure response. Several 
drugs or drug combinations have been shown to allow greater falls in portal 
pressure than propranolol or nadolol. 

Another way of minimizing the requirements for repeat measurements of 
HVPG is by determining the acute effect of therapy on HVPG. Several 
investigations have shown an acceptable correspondence between the acute 
and chronic effects of propranolol on HVPG. More importantly, the acute 
HVPG response 20 min after intravenous propranolol administration has 
recently been shown to correlate with clinical efficacy on follow-up. 
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selective intestinal decontamination 138 
Sengstaken-Blakemore tube 195 
gastric varices, bleeding 286 
septa 47-8 

serine protease thrombin (THR) 43-4 
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bacterial translocation 74 
tumour necrosis factor a 133, 139 
splanchnic arterial vasodilation, mediator 
of 60-1 

vascular smooth muscle tone 70 
tyrphostin AG-126 139 
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vancomycin 239 
variceal band ligation 303 
variceal bleeding 97, 155-63 
hemodynamic monitoring 323-33 
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incidence 155 
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anatomical factors 162-3 
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variceal formation 
elastic limit 161 

endoscopic measurement 161 
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variceal hemorrhage see variceal bleeding 
variceal rebleeding 162 
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vascular tone 
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